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PREFACE  TO  THE  SECOND  EDITION 

The  kind  reception  given  to  this  book,  and  the  exhaustion  of  the  first  edition 
within  a  few  years  are  evidence  of  the  need  for  such  a  publication.  The  author  wel¬ 
comes  the  opportunity  for  revision,  not  only  to  remove  some  of  the  faults  of  the  first 
edition,  but  in  particular  to  bring  the  work  more  nearly  up  to  date.  It  is  probable  that 
at  least  as  much  has  been  published  in  India  regarding  fruit  growing  since  the  first 
edition  was  sent  to  the  press  as  in  all  the  years  before  that  time.  It  is  hoped  that  the 
incorporation  of  much  of  the  information  published  in  this  period  will  make  this 
edition  more  useful  to  the  fruit  grower  and  the  student  of  pomology.  There  are  still 
many  phases  of  the  subject  of  which  little  is  known,  and  it  is  fortunate  that  lesearch  is 
continuing,  although  one  inevitable  result  is  that  in  some  respects  this  edition  is  out 
of  date  even  before  it  is  published. 

A  note  of  explanation  and  apology  is  due  to  the  public.  It  was  hoped  that  a 
new  edition  would  be  available  very  soon  after  the  old  one  ceased  to  be,  and  the  text 
was  turned  over  to  the  publishers  early  in  1951.  For  reasons  beyond  the  control  of 
the  author,  and  not  understood  by  him,  publication  has  taken  more  than  two  years. 
In  an  attempt  to  incorporate  new  facts  as  they  became  known,  additions  have  been 
made  after  the  original  text  was  in  type.  This  has  meant  the  insertion  of  new  para¬ 
graphs  when  the  purpose  would  have  been  better  served  by  the  revision  of  old  ones. 
In  some  cases  the  new  may  partially  contradict  the  old.  The  patience  of  the  reader  is 
requested  with  regard  to^^ff^nd  the  large  number  of  typographical  errors  which 
have  crept  in. 


Allahabad , 
February  4,  1953. 


W.  B.  HAYES. 
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PREFACE  TO  THE  FIRST  EDITION 


In  a  country  as  rich  in  fascinating  horticultural  plants  as  B  India,  i 
prising  that  there  have  been,  and  are,  many  keen  and  skilful  gardener^  b 

of  books  have  been  written  on  gardening,  mostly  by  amateurs  whose  love  for 
hobby  is  apparent.  Many  of  these  works  contain  sections  on  fnut,  but  the  ma 
emphasis  has  been  on  ornamental  gardening.  The  growing  of  fruit  for  ma 
ket  has  been  left  largely  in  the  hands  of  poor  and  uneducated  men  who  have  been 
content  to  continue  the  practices  of  their  ancestors,  and  where  these  have  lai  e  , 

accept  failure. 


In  the  early  days  of  the  modern  development  of  agriculture  in  this  country, 
attention  was,  not  unnaturally,  given  almost  exclusively  to  the  crops  occupying  the 
largest  areas:  the  cereals,  legumes,  oilseeds,  and  fibres.  The  potential  importance 
of  the  fruit  industry,  and  its  great  value  to  the  country,  were  largely  overlooked.  When 
the  author  started  practising  and  teaching  fruit  growing  in  India,  the  lack  of  any 
satisfactory  text-book,  and  the  scarcity  of  scientific  reports  on  the  subject  proved 
great  difficulties.  Scientific  investigation  of  the  problems  of  pomology  has  increased 
markedly  in  recent  years,  particularly  under  the  stimulus  of  the  Imperial  Council  of 
Agricultural  Research.  Not  only  is  much  more  being  published  on  the  subject,  but 
the  quality  is,  on  the  whole,  much  higher.  The  need  for  a  book  in  which  the  knowledge 
gained  is  gathered  together  and  interpreted,  remains. 


The  present  attempt  to  meet  that  need  was  begun  more  than  ten  years  ago.  The 
material  has  been  gathered  and  organized  a  chapter  or  two  at  a  time,  and  published 
unbound,  primarily  for  the  use  of  the  students  of  the  Allahabad  Agricultural  Institute. 
It  is  now  being  published  in  a  more  permanent  form,  after  thorough  revision.  The 
kind  permission  of  the  Imperial  Council  of  Agricultural  Research,  the  Department 
of  Agriculture,  Bombay,  and  the  Indian  Journal  of  Horticulture,  to  reproduce  illustra¬ 
tions  is  thankfully  acknowledged.  The  author  is  grateful  to  several  generations  of 
students  for  their  kindly  criticism  which  has  helped  him  to  remove  inaccuracies  and 
to  make  the  language  as  clear  as  possible.  His  thanks  are  also  due  to  several  colleagues 
on  the  staff  of  the  Agricultural  Institute  for  reading  much  of  the  manuscript  and  for 
helpful  suggestions  and  especially  to  Mr.  A.  N.  Singh  for  drawings  illustrating  methods 
of  vegetative  reproduction.  His  indebtedness  to  the  wise  men  who  have  taught  him, 
and  to  the  hundreds  of  scientists  from  whose  work  he  has  profited,  is  beyond  expression. 


Allahabad 
May  15, 1944. 


W.  B.  Hayes 


“One  cannot  have  beautiful  trees  without  loving  them.  Neither  goodness  of 
soil,  nor  rich  manure,  nor  favourable  situations  will  alone  make  them  thrive,  but  it  is 
the  gardener’s  affection  which  makes  them  strong  and  vigorous.” 

— LeGendre,  Superintendent  of  the  Royal  Gardens 

under  Louis  XIII  in  1652. 
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Chapter  i 

OPPORTUNITIES  IN  FRUIT  GROWING 

Fruit  has  been  grown  in  India  for  thousands  of  years,  and  occupies  today  a 
position  of  considerable  importance.  This  importance  has  not  been  sufficiently 
recognized  in  the  past  by  either  government  agencies  or  the  public.  Fruit  has 
not  had  its  fair  share  of  the  effort  which  has  been  made  to  develop  agriculture  along 
modern  lines.  The  industry  remains  in  a  rather  primitive  condition,  and  contrib¬ 
utes  far  too  little  to  the  prosperity  of  the  people.  Since  1930,  a  number  of  fruit 
research  stations  have  been  established  in  the  different  states.  State  governments, 
universities,  and  other  institutions  are  also  making  contributions  to  the  develop-  - 
ment  of  the  industry.  But  much  more  effort  is  needed. 

Before  the  division  of  India,  the  total  area  under  fruits  had  been  estimated 
as  two  million  acres  (Anonymous,  1943A),  whereas  a  total  of  such  provincial 
statistics  as  were  available  at  about  that  time  amounted  to  nearly  two  and  a  half 
million  acres,  although  large  areas  were  not  included.  Rao  (1946)  gives  the  esti¬ 
mated  acreage  of  a  number  of  fruits  but  omits  the  papaya,  litchi,  and  date,  as  well 
as  some  fruits  of  less  importance.  His  total  of  1,830,800  acres  is  thus  obviously 
low.  Some  published  estimates  are  misleading.  For  instance,  the  U.  P.  Agricul¬ 
tural  Pocket  Book  for  1943  gives  the  area  under  fruits  and  vegetables  in  that  prov¬ 
ince  as  582,623  acres  and  fails  to  point  out  that  mangoes  and  some  other  fruits 
have  been  omitted.  According  to  one  estimate,  there  are  nearly  a  million  acres 
of  mangoes  in  the  state. 

This  illustrates  one  of  the  difficulties  in  securing  satisfactory  statistics.  Mango 
trees  occur  to  a  limited  extent  in  jungles;  commonly  along  roadsides,  in  com¬ 
pounds,  and  as  isolated  trees  in  fields;  and  in  groves,  some  of  which  are  cultivated 
and  yield  commercial  crops,  and  some  of  which  are  neglected  and  of  value  mainly 
for  their  wood.  The  dividing  line  between  the  last  two  groups  is  not  always  clear, 
and  it  is  questionable  which  of  the  categories  should  be  included  in  statistics  of  the 
acreage  under  fruit.  Certainly  figures  which  included  all  of  these  would  give  a 
false  impression  of  the  fruit  industry. 

Nevertheless,  much  better  statistics  are  possible  than  are  now  available  for 
the  country.  Bombay  has  published  fairly  accurate  figures  for  the  acreage  of  its 
principal  fruits  for  a  number  of  years,  as  have  some  other  areas.  It  is  highly 
desirable  that  statistics  be  published  annually  for  all  parts  of  the  country,  prefer¬ 
ably  prepared  in  a  uniform  way.  This  would  greatly  facilitate  intelligent  plan¬ 
ning  lor  the  development  of  fruit  growing  and  related  industries.  Accurate  figures 
on  yields  would  be  more  difficult  to  secure,  but  are  also  highly  desirable. 

t  statistics  for  India  included  Pakistan,  and  it  is  estimated  that  30 

to  45%  of  the  annual  production  in  that  country  of  2,500,QQO  tons  is  exported  to 
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India,  either  fresh  or  dried,  the  estimated  acreage  in  that  country  is  included  in 
table  I,  along  with  such  figures  for  the  states  of  India  as  are  available. 

Pingle  (1949)  states  that  there  are  about  500,000  acres  of  fruits  and  vege¬ 
tables  in  13  out  of  the  22  states  in  the  Madhya  Bharat  Union,  about  5.7%  of  the 
cultivated  land.  Menon  (1941)  reports  40,000  acres,  or  7.3%  of  the  cultivated  land 
of  Cochin  in  fruits  and  vegetables. 

Table  /. — Area  under  Fruit  in  some  Farts  of  India  and  Pakistan. 


State 

Area  in  acres 

Remarks. 

INDIA 

Uttar  Pradesh 

1,132,038 

Chand  (1943).  Excluding  Bara  Banki  district 

Madras 

500,000 

Naik  (1949).  Approximate;  about  half 

mangoes. 

Bihar 

328,312 

Roy  (1950  A,  B). 

Bombay 

112,250 

S.  R.  Gandhi  (1950B).  For  1948. 

Assam 

95,875 

Bhattacharya  and  Dutta  (1949A). 

West  Bengal 

55,500 

Estimate. 

Punjab 

53,017 

Bajwa  and  Thapar  (1949).  About  72% 
mangoes. 

Kashmir 

18,500 

L.  Singh  and  Singh  (1939) .  Temperate  fruits. 

PAKISTAN 

East  Bengal 

200,000 

A.  A.  Khan  (1949-. 

W7est  Punjab 

150,000 

11 

Sind 

50,000 

11 

Baluchistan 

8,000. 

11 

N.  W.  F.  P. 

15,000 

„  Shah  (1947)  says  7,793. 

A  striking  feature  of  Indian  orchards  is  the  small  size  of  the  individual  hold¬ 
ing.  In  1928  the  Punjab  had  3,194  gardens  of  more  thanlhree  acres,  but  only  413 
of  more  than  10  acres,  and  but  nine  of  over  50  acres.  The  situation  in  other  states 
is  similar,  with  perhaps  a  still  lower  proportion  of  large  orchards.  Chand  (194-3) 
gives  information  about  the  size  of  gardens  in  many  districts  of  Uttar  Pra¬ 
desh.  The  average  size  on  the  plains  varied  from  .8  to  3.1  acres;  while  in 
Naini  Tal  the  average  orchard  was  of  nearly  6  acres.  The  predominance  of  veiy 
small  orchards  increases  the  difficulty  of  introducing  better  methods  of  culture  and 

marketing. 

It  is  easy  to  find  fault  with  the  present  condition  of  Indian  orchards,  and 
the  methods  in  vogue.  Probably  the  greatest  mistake  of  the  fruit  grower  is  the  use 
of  inferior  varieties.  It  is  true  that  the  grower  is  forced  to  depend  upon  seedlings 
in  growing  some  fruits,  but  in  others  vegetative  propagation  is  possible,  and  in  a 
few,  like  the  mango,  many  excellent  varieties  are  available.  Yet  many  seedlings 
are  'still  planted  by  preference,  producing  fruits  of  very  inferior  quality,  with  few 
exceptions.  Another  fault  which  is  almost  universal  is  the  crowding  of  trees,  making 
H  impossible  for  them  to  develop  normally.  Insufficient  manuring,  and  poor 
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methods  of  irrigation,  cultivation  and  pruning  are  also  common.  Marketing  is 
chaotic.  These  problems  will  be  treated  in  some  detail  in  later  chapters. 

The  difficulty  of  introducing  improved  methods  is  increased  by  the  fact  that 
gardening  is  largely  in  the  hands  of  specialized  castes  of  poor  economic  status  and 
very  little  education.  These  gardeners  cannot  afford  to  experiment,  and  are  slow 
to  depart  from  traditional  methods.^ 

This  situation  is  in  striking  contrast  with  that  in  those  countries  where  fruit 
growing  is  most  advanced.  There  the  fruit  growers  form  one  of  the  most  progres¬ 
sive  groups  of  farmers.  As  Williams  (1926)  has  pointed  out,  Successful  fruit 
growing  requires  unusual  knowledge,  skill,  accuracy  and  thoroughness.  .  •  in  produc¬ 
tion  and  marketing.’  ‘Fruit  growing  enlists  many  unusually  intelligent  young 
farmers  and  this  intelligence  is  developed  by  the  practice  of  their  vocation."  The 
industry  appeals  to  intelligent  young  men  because  the  work  is  pleasant,  because  the 
problems  challenge  their  ability,  because  of  the  leisure  at  certain  periods  of  the 
year,  and  because  it  is  more  profitable  than  general  agriculture.^) 


The  same  appeal  is  made  by  fruit  growing  in  this  country,  and  is  beginning 
to  find  a  response.  The  industry  is  expanding  rapidly  in  some  sections.  In  the 
Punjab  the  area  under  fruit  increased  from  68,290  acres  in  1938  to  100,339  acres  in 
1942,  an  increase  of  about  47%  in  four  years.  By  1947  it  was  about  110,000  acres. 
In  Bombay  the  area  was  only  57,662  acres  in  1930-31  and  by  1939-40  had  increased 
to  84,407  acres,  or  by  more  than  46%  (Anonymous,  1941C) .  By  194B  there  was 
another  increase  of  about  31%,  to  110,402  acres,  nearly  5,000  acres  having  been 
added  in  the  last  year.  Similarly  in  Baroda  there  was  an  increase  of  45%  in  the  ten 
years  ending  in  1939-40.  Darling  (1930)  refers  frequently  to  the  increased  num¬ 
ber  of  fruit  and  vegetable  gardens  in  the  Punjab,  remarking  in  one  place,  ‘The 
striking  feature  of  today  s  march  was  the  large  number  of  mango  groves,  many  of 
them  new.  These  show  the  landlord  at  his  best.’  Uttar  Pradesh  is  somewhat  behind 
the  Punjab  in  this  respect.  Mr.  Allan,  the  Director  of  Agriculture,  in  an  article 
in  the  press  in  October,  1932,  observes,  £A  tour  through  the  province  shows  a  num- 
her  of  gardens  of  which  the  owners  may  be  justly  proud,  a  far  vaster  number  of 
gardens  which  are  far  from  effectively  managed,  either  in  the  way  the  trees  are 
tended  or  in  the  character  of  the  fruit  tree  which  is  being  grown,  and  finally  many 
areas  on  winch  fruit  cultivation  could  be  developed  effectively,  were  they  to  be  laid 
out  a  systematic  fashion  with  the  right  varieties. . .  .  Another  aspect  which  strikes 
he  wanderer  interested  in  fruit  expansion  and  specially  i„  that  of  the  mango  is 
^e  apparent  dominance  of  old  orchards  and  the  comparative  scarcity  of  new  or 
re  m  plant., igs  .  However,  a  number  of  more  progressive  landlords  and  farmers 

e  now  developing  orchards  on  more  modern  lines,  and  the  interest  which  is  being 
j  pr0miSeSLa  bn«hler  future  foe  'his  branch  of  agriculture.  There  is  need  for 

riz:::  \r1,krlet,of  horticu,ture  *»*•"•** 
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that  Iruit  farming  is  the  most  difficult  branch  of  agriculture  to  take  up  and  that 
the  manufacture  of  its  by-products  is  equally  difficult.’ 

Ihe  extent  to  which  the  Government  should  encourage  the  expansion  of  the 
fruit  industry  is  debatable.  It  should  certainly  include  research  on  the  problems 
involved,  and  advice  to  growers.  It  may  well  include  the  strict  supervision  of  com¬ 
mercial  nurseries,  and  perhaps  such  service  as  the  production  and  distribution  of 
nursery  plants,  as  is  done  in  some  states.  Kashmir  formerly  gave  budded  and  graft¬ 
ed  plants  to  the  public,  but  by  1947  charged  four  annas  a  plant,  which  was  said  to 
cover  the  cost.  Some  growers  felt  it  would  be  better  to  increase  the  price  and  supply 
more  reliable  plants.  Raina  (1944)  reports  that  the  Government  was  unable  to 
meet  the  demand  for  two  million  plants.  The  Punjab  has  set  apart  13,000  acres 
for  cooperative  garden  colonies,  according  to  J.  Singh  (1949).  In  each  colony  of 
500  to  1500  acres,  the  farmers  must  form  a  cooperative  society  for  all  horticultural 
operations  from  the  nursery  to  the  processing  and  selling  of  the  fruit,  and  each 
farmer  must  devote  at  least  three-fourths  of  his  allotment  to  fruit,  under  the  instruc¬ 
tions  of  the  Department  of  Agriculture.  Whether  such  material  aid  and  regimen¬ 
tation  is  desirable  is  questionable.  Certainly  the  profitableness  of  the  industry 
should  make  such  measures  unnecessary. 

Large  Development  Possible 

Soil  and  climatic  conditions  in  India  are  very  favourable  to  a  large 
number  of  fruits.  There  is  a  considerable  variety  of  soil  types,  but  deep  loam 
soils,  suitable  to  most  fruits,  are  very  common.  The  mango  and  most  of  the 
subtropical  fruits  grow  well  on  the  plains,  while  in  Kashmir,  the  Kulu  valley, 
the  Kumaun  hills,  elsewhere  in  the  Himalayas,  and  in  the  hills  of  South 
India  apples,  pears  and  other  temperate  fruits  can  be  grown  successfully.  In 
the  submontane  tracts,  especially  in  the  districts  of  Dehra  Dun,  Saharanpur, 
Muzaffarnagar  and  Meerut,  peaches,  plums,  berries  and  other  fruits  of  the  milder 
temperate  zone  do  very  well.  The  Himalayan  districts  are  faced  with  a  very- 
difficult  problem  in  transporting  their  fruits  to  the  centres  of  population,  but  the 
fruit  growing  districts  of  the  plains  have  a  good  present  market,  and  an  enormous 
potential  market. 

While  conditions  are  thus  favourable,  it  must  be  recognized  that  irrigation 
is  essential,  and  that  profitable  fruit  growing  depends  on  an  economic  source 
of  irrigation  water.  This  is  undoubtedly  a  limiting  factor  at  present.  There  are, 
however,  large  tracts  under  canal  irrigation,  and  other  areas  in  which  the  water 
level  is  near  enough  the  surface  to  make  pumping  entirely  feasible.  With  the 
increasing  development  of  water  power  and  cheap  electricity  the  use  of  tube-wells 
makes  irrigation  economical  over  large  areas.  With  the  increase  in  irrigation 
should  come  an  increase  in  fruit  growing. 

The  present  demand  for  fruit  fully  justifies  such  an  increase.  This 
market  is  almost  entirely  in  the  cities,  but  as  Allan  points  out,  in  the  article 
mentioned  above,  ‘The  fruit  supply  in  these  centres  of  population  is  far  from 
adequate.  Without  considering  the  possibilities  of  extra-provincial  markets  as 
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the  development  of  fruit  sales  in  the  Punjab,  we  have  within  our  own  boundaries, 
markets  which  with  better  and  more  economical  methods  of  growing  and  care, 
better  transport  and  better  placing  of  our  fruit. ..  .would  be  able  to  absorb  two 
or  three  times  the  fruit  they  now  do.’  The  present  price  of  fruit  is  so  high,  except 
during  market  gluts,  as  to  put  fresh  fruit  out  of  reach  of  a  large  part  °f  10 
population.  With  more  efficient  production  and  marketing,  the  price  could  be  so 
reduced  as  to  encourage  a  tremendous  increase  in  consumption  and  still  provide 
a  good  profit  for  the  grower.  It  is  significant  that  citrus  fruits,  apples  and 
other  fruits  from  Palestine,  Japan  and  the  United  States  until  recently  competed 
with  Indian  fruit,  even  in  inland  cities.  With  labour  costs  and  other  expenses  per 
tree  greater  than  those  of  India,  these  foreign  growers  \can  pay  heavy  freight 
charges  and  compete  in  India  only  by  growing  larger  crops  of  high  quality 
fruit.  According  to  Wallschlaeger  (1933)  the  average  cost  of  producing  oranges, 
up  to  picking,  for  the  five  years,  1928-32,  was  $245  per  acre,  in  California.  At 
normal  exchange  at  that  time  this  amounts  to  Rs.  673.  Exactly  comparable 
figures  are  not  available  for  India.  Cheema  and  Dani  (1928)  give  the  costs  of 
maintaining  orchards  of  figs,  pomegranates,  papayas  and  bananas  for  five  years, 
the  average  for  all  being  Rs.  281  per  acre.  It  is  doubtful  if  the  actual  cost  of 
growing  oranges  in  India  is  more  than  this,  if  as  much.  If  Indian  growers  can 
produce  as  large  crops  of  good  fruit,  there  should  be  no  need  of  a  protective  tariff. 


The  present  demand  for  fruit  justifies  increased  production,  but  the  potential 
market  is  much  greater.  The  dietetic  value  of  fruit  has  been  definitely  proved 
only  in  the  present  century,  and  the  public  is  only  beginning  to  realize  the 
necessity  of  including  fresh  fruits  and  vegetables  in  the  regular  diet.  The 
demand  for  fruit  is  thus  increasing  among  the  educated  classes,  and  will  continue 
to  increase  as  knowledge  of  its  value  spreads.  Even  in  a  city  like  Bombay,  the 
sale  of  fruits  and  vegetables  amounts  to  only  half  an  ounce  per  day  per  head, 
according  to  Cheema  (1933)  as  compared  with  ounces  in  London  and  one 
pound  in  New  York.  Gadgil  and  Gadgil  (1933)  estimated  the  consumption  of 
fruit  in  Poona  at  one  ounce  per  person  per  day. 


Not  only  may  the  city  market  be  greatly  expanded,  but  the  rural  market, 
potentially  much  larger,  remains  almost  untouched.  Seedling  mangoes  are  eaten 
by  practically  the  entire  population  during  the  season,  but  many  villagers  eat  no 
other  fruit.  This  is  largely  because  fruit  is  not  available  in  the  villages,  or  if 
available,  is  beyond  the  means  of  the  people.  The  village  market  cannot  be 
developed  until  the  price  of  fruit  is  lowered,  or  the  purchasing  power  of  the  3 
people  is  increased.  As  stated  above,  it  will  be  possible  to  lower  the  price  con¬ 
siderably  when  the  yield  per  acre  is  increased.  A  general  rise  in  the  standard 
of  living  is  essential  to  the  welfare  of  India,  and  is  an  object  of  all  rural  re¬ 
construction  programmes.  There  is  therefore  reason  to  expect  that  as  fruit 

growing  develops,  the  rural  market  will  absorb  an  increasing  proportion,  at 
profitable  rates. 

However,  neither  city  nor  village  markets  may  be  expected  to  develop  auto¬ 
mat, cally.  The  public  needs  to  be  educated  to  think  of  fruit  as  a  staple  and  im- 
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portant  food,  rather  than  as  a  luxury.  Much  of  this  educative  work  will  have  to 
he  carried  on  by  the  fruit  growers  and  marketing  organizations.  The  California 
Fruit  Growers  Exchange  spent  $20,000,000  in  advertising  in  28  years  during 
which  time  the  consumption  ol  citrus  fruits  in  the  United  States  increased  from 
7  to  .>7.5  pounds  per  capita.  This  figure  had  further  increased  to  68  pounds  in 
1944.  Increasing  production  and  the  rapid  expansion  of  the  frozen  juice  industry 
has  continued  to  increase  consumption.  Marketing  facilities  also  need  to  be 
greatly  improved.  As  will  he  seen  in  a  later  chapter,  the  markets  of  the  larger 
cities  are  very  inefficient,  and  fail  to  sene  much  of  the  population.  The  rural 
marketing  of  fruit  is  a  different  problem,  and  one  which  will  have  to  engage  the 
attention  of  growers  more  and  more  in  the  future. 

The  development  of  motor  bus  service  is  a  factor  of  great  importance  in 
the  problem  of  marketing.  Through  it  the  area  within  reach  of  local  markets  is 
being  rapidly  expanded.  Up  till  the  present,  a  large  part  of  the  fruit  coming 
into  all  but  the  largest  cities  has  been  produced  close  enough  to  be  carried  to 
market  in  carts  or  in  head  loads.  Railway  transportation  necessitates  the  use  of 
packages  not  easily  opened  by  pilferers  and  strong  enough  to  stand  rough  usage. 
The  sending  of  railway  receipts  often  causes  delay.  On  the  other  hand,  fruit  sent 
by  motor  bus  is  in  charge  of  the  driver  from  the  time  it  leaves  the  producer 
until  it  reaches  his  agent  in  the  city.  The  driver  can  therefore  be  held  respon¬ 
sible  for  safe  delivery,  without  delay. 

Increased  FruIt  Production  Desirable 

The  development  of  fruit  growing  which  seems  possible,  and  which  is  now 
beginning,  will  be  of  great  benefit  to  the  country.  The  consumption  of  more 
fruit  will  doubtless  have  a  beneficial  effect  on  the  health  of  the  people.  The 
use  of  the  land  for  fruit  instead  of  less  valuable  crops  is  an  economic  advantage 
to  the  country. 

The  health-giving  character  of  some  fruits  has  been  rather  widely  recogniz¬ 
ed,  but  many  people  still  regard  fruit  as  a  luxury  rather  than  a  food  which  should 
form  part  of  the  daily  diet.  During  the  second  world  war,  it  became  widely 
recognised  that  India  was  not  producing  enough  food  for  its  people,  even  on  the 
basis  of  the  low  standard  of  nutrition  prevailing.  Strenuous  efforts  have  been 
made  to  increase  the  production  of  food,  particularly  in  the  ‘Grow  more  food 
campaign.  One  of  the  basic  needs  of  the  body  is  foods  producing  heat  and 
energy,  measured  in  calories.  Food  grains  are  a  very  important  source  of  calo- 
ries,  but  even  from  this  restricted  point  of  view,  some  fruits  and  vegetables  com¬ 
pare  favourably.  It  is  difficult  to  make  an  entirely  satisfactory  comparison,  partly 
because  of  the  lack  of  accurate  statistics  regarding  yields.  It  is  obviously  unfair  to 
compare  the  calories  produced  on  a  given  area  by  one  crop  grown  on  rich 
land  with  irrigation  with  those  produced  by  another  crop  on  poor  land  without 
irrigation,  or  to  compare  the  maximum  yield  of  one  crop  with  the  average  of 
another.  Also,  it  is  difficult  to  make  a  fair  comparison  between  a  perennial  fruit 
and  a  grain  which  occupies  the  ground  only  part  of  the  year,  whether  another  crop 
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is  grown 
be  made, 
by  certain 


in  another  season  or  not.  However,  certain  significant  calculations  can 
From  table  II  it  will  be  seen  that  the  production  of  calories  per  acre 
fruits  compares  well  with  that  of  a  single  crop  of  wheat. 


Table  II. — Estimated  number  of  calories  provided  by  one  acre 

each  of  certain  crops. 


Crop 

Calories  Yield 

Calories 

Remarks 

per  ounce" 

per  acre 

Wheat 

98 

660  lbs. 

1,034,880 

Average,  India. 

3,000  lbs. 

4704,000 

Approximate  maximum,  India. 

Banana 

42 

10  tons 

15,052,800 

Average,  India,  Rao  ( 1946) . 

5.4  tons. 

8,128,512 

„  ,  S.  India,  Naik  (1949). 

Guava 

19 

2.2  tons. 

1,511,532 

„  ,  India,  Rao,  (1946). 

23,048  lbs. 

7.006,592 

„  ,  Allahabad,  Prasad  (1936) 

Mango 

14-16 

5  tons. 

2,688,000 

„  ,  India,  Rao  (1946). 

3.4  tons. 

1,827,840 

„  ,  Madras,  Naik  (1949). 

Papaya 

11 

48  tons. 

18,923.520 

Maximum,  Trinidad,  Simmonds 

b 

(1946). 

30,000  lbs. 

5,280,000 

1  Estimate.  Madras,  Naik  (1949). 

60,000  lbs. 

10,560,000  ) 

*  According  to  Aykroyd  (1941). 


Most  fruits  contain  considerable  amounts  of  sugar  or  starch  or  both,  and  it 
is  largely  these  which  furnish  the  calories.  Nuts,  and  olive  and  avocado  are  import¬ 
ant  sources  of  fat,  a  concentrated  energy-producing  food.  Protein  is  found  in  very 
'  small  amounts.  But  it  is  now  recognized  that  a  diet  of  protein,  fat  and  carbohydrate 
is  incomplete,  and  that  for  the  maintenance  of  health  certain  minerals  and  vita¬ 
mins  are  required.  Fruits  are  a  very  important  source  of  mineral  salts.  These  are 
especially  necessary  for  the  production  of  bones  and  teeth,  and  should  therefore 
be  supplied  to  'children  in  adequate  quantities.  Vitamins  are  food  factors  discover¬ 
ed  comparatively  recently,  and  still  imperfectly  understood.  There  are  a  number 
of  these,  and  the  complete  absence  of  any  one  from  the  diet  results  in  sickness  or 
imperfect  development.  There  are  certain  ‘deficiency’  diseases  which  occur  when 
the  diet  contains  insufficient  amounts.  Most  fruits  are  valuable  sources  of  several 
vitamins,  as  are  also  tomatoes  and  green  and  yellow  vegetables.  The  orange  and 
other  fruits  have  long  been  recognized  as  one  of  the  best  sources  of  vitamins.  In 
fact,  the  term  ‘lime  juicer’  for  a  sailor  in  the  British  navy,  was  applied  because 
lime  juice  was  provided  the  sailors,  to  prevent  scurvy,  before  it  was  known  that 
scurvy  was  caused  by  a  lack  of  vitamin  C,  or  ascorbic  acid,  and  that  this  was 
supplied  by  the  lime  juice.  It  is  said  that  the  idea  of  using  lime  juice  to  prevent 
scurvy  was  put  forward  as  early  as  the  time  of  Hawkins,  who  crossed  the  Atlantic  in 
1575  (Anonymous,  1946).  In  1747  James  Lind,  a  naval  surgeon,  experimented  on 
various  additions  to  the  diet  of  sailors  suffering  with  scurvy,  and  found  that  those 
given  two  oranges  and  a  lemon  a  day  recovered  soon,  those  with  a  quart  of 
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Sir  f  r  l  7  Tr0Veme"'  a"d  the  0ther  >>ad  »o  effect.  Earlier, 

b.t  John  Co  batch,  a  lamous  British  physician  of  the  17th  century,  stated  that  he 

had  been  to  d  by  seamen  and  ship’s  surgeons  that  scurvy  was  cured  by  drinking 
orange  and  lemon  juice,  according  to  Lorenz  (1939). 


It  seems  that  the  first  dime’  juice  was  extracted  from  Mediterranean  lem- 

on.5’  Pe;hjs  sweet  ^mes-  Toward  the  end  of  the  19th  century  the 

juice  of  West  Indian  limes  was  tried,  but  failed  to  protect  sailors  from  scurvy.  It 
is  said  that  the  fresh  juice  contains  ascorbic  acid,  but  that  it  soon  deteriorates,  and 
that  the  preserved  lime  juice  is  of  no  value  for  preventing  or  curing  scurvy. 


Later  investigations  have  shown  that  the  guava  and  aonla  are  much  richer 
sources  of  vitamin  C  than  the  citrus  fruits.  The  mango,  pineapple,  papaya,  and  straw¬ 
berry,  and  according  to  Damodaran  and  Srinivasan,  (1935)  the  cashew  apple,  cus¬ 
tard  apple  and  jujube  are  also  good  sources  of  this  vitamin,  while  many  other 
fruits  contain  some.  Carotene  and  other  pigments  from  which  the  body  manufac¬ 
tures  vitamin  A,  are  found  in  great  abundance  in  the  mango,  to  a  considerable  extent 
in  papayas  and  persimmons,  and  in  smaller  amounts  in  oranges,  particularly  the 
loose-skinned  type,  and  in  a  number  of  other  fruits.  Vitamin  P  or  citrin,  one  of 
the  less  known  vitamins  a  lack  of  which  is  said  to  result  in  bleeding  under  the 
skin,  occurs  in  the  citrus  fruits,  in  paprika,  and  largely  in  black  currants.  Rege 
and  Devadatta  (  1943)  report  thiamin  (Bi)  in  the  banana,  orange,  and  sapodilla. 


The  amount  of  any  vitamin  present  in  any  particular  fruit  depends  on 
many  factors.  Murneek  and  Wittwe  (1948)  mention  as  factors  affecting  the  ascor¬ 
bic  acid  content  of  apples,  varietal  differences,  stage  of  maturity,  speed  of  ripen¬ 
ing,  duration  and  temperature  of  storage,  the  condition  of  the  tree,  the  nitrogen 
supply,  the  size  of  the  crop,  the  size  of  the  fruit,  and  exposure  of  the  fruit  to  light,  v 
The  last  seems  to  be  of  major  importance.  Jones  and  Parker  (1947)  consider 
climate  or  light  and  nitrogen  the  important  factors  in  determining  ascorbic  acid  in 
orange  juice.  In  California,  where  there  is  a  large  degree  of  light,  they  found  an 
inverse  correlation  between  nitrogen  applied  as  fertilizer  and  the  percentage  of  as¬ 
corbic  acid  in  the  juice. 

Fruits  are  also  valuable  because  they  provide  bulk.  This,  together  with  the 
mineral  salts  which  they  contain,  makes  them  useful  in  preventing  constipation. 

Jt  is  now  recognized  that  for  all  these  reasons,  fruit  should  be  very  generally  eaten, 
especially  by  children.  Fortunately,  fruit  is  not  a  medicine  which  has  to  be  forced 
down  unwilling  patients,  but  because  of  its  attractive  appearance  and  delicious  fla¬ 
vour,  it  is  readily  eaten  by  both  children  and  adults. 

It  is  generally  considered  that  changed  food  habits  in  the  United  Slates 
and  some  other  countries  are  a  major  factor  in  the  improvement  in  health  and  the 
lengthening  of  the  average  life.  Clark  and  others  (1947)  state  that  ‘The  most  not¬ 
able  change  in  food  consumption  in  the  United  States  between  1909  and  1945  has 
been  the  upward  trend  for  dairy  products  (except  butter),  citrus  fruit,  and  leafy, 
green  and  yellow  vegetables  and  the  downward  trend  in  potatoes  and  grain  prod¬ 
ucts’.  They  state  that  more  than  90%  of,  the  total  quantity  of  ascorbic  acid,  and 
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about  60  %  of  the  total  quantity  of  vitamin  A  in  the  American  diet  is  furnished  by 
fruits  and  vegetables. 

The  need  for  a  great  increase  in  the  production  of  fruits  and  vegetables  in 
India  is  becoming  widely  recognized,  and  it  is  commonly  suggested  that  the  area 
should  be  doubled.  An  editorial  in  Indian  Farming  (Anonymous,  1948)  points  out 
that  there  were  3,078,000  acres  of  fruits  and  vegetables  in  the  Indian  Union  provinces. 
On  the  basis  of  the  1942  population  of  233,148,000,  taking  80%  of  this  as  the 
adult  equivalent,  and  assuming  an  average  yield  of  47  maunds  per  acre,  it  suggest- 
ed  that  to  provide  the  minimum  of  four  ounces  a  day  per  capita,  India  needed 
4,400,000  acres  of  fruit  alone.  Of  course,  many  persons  will  use  more  than  four 
ounces,  and  it  was  recommended  that  the  country  should  aim  at  a  total  of  6,000,000 
acres.  This  would  be  only  about  3.3%  of  the  cultivated  area.  If  this  amount  of 
land  were  devoted  to  the  production, of  fruit,  using  the  best  varieties  and  the  most 
efficient  methods,  the  health  of  the  people  would  benefit  tremendously. 

As  it  is  in  the  interest  of  the  country  that  the  production  of  fruit  be  increas¬ 
ed,  it  is  fortunate  that  fruit  growing  is  more  profitable  than  most  forms  of  agri¬ 
culture.  It  may  not  be  possible  for  a  family  to  secure  an  adequate  income  from  an 
average  holding  by  growing  most  farm  crops,  but  the  growing  of  fruits  makes  this 
possible.  According  to  Naik  (1949),  fruits  occupy  roughly  1.1%  of  the  total  crop¬ 
ped  area  of  Madras,  and  produce  7.4%  of  the  crop  wealth.  He  states  that,  ‘Receipts 
exceeding  Rs.  10,000  per  year  per  acre  from  some  well  kept  orchards  are  not  un¬ 
common  in  South  India.”  Papayas  are  easily  grown  and  should  yield  three  crops 
in  about  four  years.  The  crop  has  been  sold  on  the  trees  at  Allahabad  for  about 
Rs.  4,000  per  acre.  Expenses  in  growing  fruits  vary,  but  do  not  justify  any  such 
high  returns.  Production  should  be  increased  until  the  price  of  fruit  falls  to  a  level 
at  which  a  progressive  grower  can  still  make  a  satisfactory  profit  and  all  the  peo¬ 
ple  can  afford  to  eat  the  fruit  which  is  necessary  for  their  health.  The  more  this 
is  done  by  increasing  the  production  per  acre,  the  better  for  all  concerned.  Not 
all  orchards  are  now  very  profitable,  and  a  fall  in  prices  will  compel  some  grow¬ 
ers  to  improve  their  practices. 

With  the  increased  industrialization  of  the  country,  the  pressure  of  popula¬ 
tion  on  the  land  may  decrease,  especially  if  the  population  ceases  to  increase. 
Nevertheless,  it  seems  probable  that  for  many  years  the  average  holding  will  re¬ 
main  small,  making  desirable  an  intensive  type  of  agriculture,  such  as  the  growing 
of  fruits  and  vegetables.  The  more  food  can  be  grown  per  acre,  the  more  land  can 
be  released  for  non-food  crops,  such  as  fibres. 

It  is  thus  seen  that  by  developing  the  fruit  industry,  India  stands  to  gain  both 
physically  and  economically.  But  such  development  will  be  possible  only  as  intellU 
gent  men  enter  the  industry,  determined  to  apply  themselves  to  its  many  problems 
wuh  energy  and  persistence.  Only  thus  can  fruit  do  its  full  part  in  making  this  a 
land  of  healthy  and  prosperous  people. 
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CHAPTER  II 

PLANNING  the  orchard 

The  response  of  fruit  trees  to  their  environment  is  a  very  complicated  subject. 
Differences  of  soil  and  climate  which  seem  relatively  small,  may  determine  the 
success  or  failure  of  a  venture.  One  must  either  choose  the  site  of  his  orchard  to 
suit  the  fruits  he  wishes  to  grow,  or  choose  crops  suited  to  his  land.  This  factor  is, 
however,  frequently  over-emphasized.  There  has  been  a  tendency  to  accept  too 
readily  the  impossibility  of  growing  a  certain  fruit  in  a  given  locality,  when  it  grows 
well  under  very  similar  conditions  in  a  neighbouring  district.  Thus  it  was  formerly 
held  that  papayas  would  not  grow  well  in  Allahabad,  where  they  are  now  very 
commonly  and  successfully  grown.  It  may  well  be  that  the  present  common  be¬ 
lief  that  mandarins  do  not  succeed  in  that  district  has  no  better  basis. 

There  is  frequently  a  marked  difference  in  climatic  requirements  among 
varieties  of  the  same  species.  The  varieties  of  mango  which  do  very  well  in  Bombay 
or  Madras  are  likely  to  fail  completely  in  northern  India,  and  the  northern  Langra 
has  failed  in  Bombay.  Many  fruits  do  very  well  over  wide  areas,  if  a  little  care  is 
exercised  in  selecting  the  site,  and  good  cultural  methods  are  used.  In  most  sections 
of  India,  the  grower  has  his  choice  of  several  excellent  fruits. 

In  choosing  which  fruit  or  fruits  to  grow,  of  those  which  are  known  to  do 
well  in  the  district,  a  number  of  factors  may  be  considered.  Market  conditions  will 
naturally  be  an  important  consideration,  as  there  is  no  use  growing  a  fruit  for  which 
there  is  no  demand,  or  one  of  which  the  supply  is  greater  than  the  demand.  A 
fruit  which  is  increasingly  popular,  or  one  being  supplied  from  a  distance,  offers 
a  favourable  opportunity.  If  a  district  has  a  reputation  for  fruits  of  a  certain  kind, 
advantage  may  be  taken  of  this,  and  the  export  market  may  compensate  for  a 
flooded  local  market.  The  previous  experience  of  the  grower  and  his  personal  pref¬ 
erence  may  also  be  considered. 

CLIMATIC  FACTORS 

Climate  is,  more  often  than  soil,  a  limiting  factor  in  the  growing  of  fruits. 
In  this  respect,  fruits  are  commonly  grouped  as  temperate,  subtropical  and  tropical. 
However,  these  classes  are  not  very  definite,  and  some  fruits  may  be  grown  in  more 
than  one  of  these  regions.  Thus  mangoes  are  both  tropical  and  subtropical,  and 
peaches  do  well  in  the  milder  sections  of  both  temperate  and  subtropical  regions. 

Climate  limits  the  growth  of  fruits  in  several  ways.  Broad-leafed  evergreen 
trees,  including  most  tropical  and  subtropical  fruits,  are  severely  damaged  or  killed 
if  the  temperature  falls  much  below  the  freezing  point,  and  therefore  cannot 
be  grown  in  regions  of  severe  winters.  Deciduous  trees  are  able  to  stand  great  cold 
during  the  months  when  they  are  dormant,  though  even  they  are  sometimes  damaged 
by  extreme  cold.  More  frequently,  however,  the  northern  limit  of  commercial  produc¬ 
tion  of  temperate  fruits  is  determined  by  the  likelihood  of  frost  in  the  spring 
when  the  trees  are  blossoming.  On  the  other  hand,  there  is  a  limit  to  the 
amount  of  heat  which  many  trees  will  tolerate.  Some  are  killed  outright  by 
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high  temperatures,  and  others  fail  to  produce  well.  A  peculiar  condition  is  found 
in  certain  varieties  of  the  peach  in  subtropical  regions.  The  buds  seem  to  require 
a  certain  degree  of  cold  to  break  their  dormancy,  and  after  unusually  mild  winters, 
may  fail  to  open  until  mid-summer.  Most  Indian  peaches  do  not  seem  to  suffer  from 
this  difficulty. 

A  somewhat  similar  problem  is  found  in  India,  and  particularly  in  cen¬ 
tral  and  southern  India  where  there  is  little  difference  between  summer  and  win¬ 
ter  temperatures.  Under  such  conditions,  some  trees  seem  to  tend  to  continue  in 
vigorous  vegetative  growth  throughout  the  year.  In  order  to  induce  fruitfulness,  it 
is  considered  necessary  by  some  to  force  the  trees  into  dormancy  by  withholding 
water,  or  by  exposing  or  pruning  the  roots.  When  growth  is  again  encouraged,  the 
trees  blossom  freely. 


The  amount  of  heat  during  the  growing  season  often  determines  the  time  of 
ripening,  and  may  determine  the  quality  of  the  fruit.  The  date  palm  can  endure 
temperatures  well  below  freezing,  but  produces  well  only  in  regions  of  hot  sum¬ 
mers,  preferably  where  the  temperature  stays  above  100°F.  for  many  days. 

The  control  of  the  temperature  is  possible  to  a  limited  extent.  Orchard  heat¬ 
ing  is  practicable  only  where  valuable  crops  can  be  saved  by  slight  changes  in 
temperature  for  short  times.  Little  can  be  done  to  reduce  the  temperature,  though 
when  high  temperature  is  accompanied  by  strong  wind,  the  damage  may  be  de¬ 
creased  by  the  use  of  windbreaks.  Strong  wind  by  itself  is  frequently  an  important 
factor,  causing  the  breaking  of  trees,  the  loss  of  leaves,  and  the  scarring  or  loss  of 
fruit.  The  use  of  shade  for  certain  tropical  and  subtropical  crops  is  probably  effec¬ 
tive  in  reducing  excessive  light  rather  than  in  lowering  the  temperature.  Smith, 
Kinnison  and  Cams  (1931)  believe  that  frequent  irrigation  of  grapefruit  in  Arizona 
is  beneficial  in  reducing  soil  temperature  during  the  hot  season.  The  use  of  straw 
mulch  was  found  still  better,  reducing  the  temperature  7  to  9  degrees  F.  at  a  depth 
of  one  foot  (Anonymous,  1934A)  .  ( 


Moisture  relationships  are  also  extremely  important,  but  are.  more  subject 
to  control  than  is  the  temperature.  The  amount  of  moisture  needed  to  produce  a 
crop  of  fruit  depends  upon  the  kind,  and  upon  atmospheric  conditions.  During 
hot,  dry  weather  enormous  amounts  of  water  are  transpired  through  the  leaves.  If 
the  air  is  humid,  even  though  hot,  the  amount  is  much  smaller.  Much  of  the  mois- 
lure  added  to  the  soil,  either  as  rain  or  by  irrigation,  is  wasted,  by  surface  run- 
off,  by  seepage  below  the  root  zone,  by  evaporation,  or  by  transpiration  by  weeds. 
Heavy  soils  retain  more  water  than  light  soils.  The  distribution  of  rainfall  through- 
out  the  year  is  also  important.  An  annual  rainfall  of  40  inches  may  be  quite  ade- 
quate  if  well  distributed,  but  if  it  comes  within  a  rainy  season  of  two  or  three 
months,  much  of  it  will  be  wasted,  and  trees  may  suffer  during  the  dry  season  At 

fTnt  Sh°WerS  ^  bC  -porated  Lore  Teaching  the 
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d  will  then  send  out  roots  and  draw  water  from  a  larger  area.  Kearnev  (1908V 
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In  most  parts  of  northern  India,  successful  orcharding  is  possible  only  with 
irrigation.  Many  mature  trees  receive  no  irrigation,  and  yet  bear  large  crops.  This 
is  possible  because  their  roots  extend  far  into  the  soil.  Young  trees  require  irriga¬ 
tion,  at  least  during  the  first  year,  and  for  satisfactory  growth  and  bearing,  this 
must  be  continued.  Some  fruits  are  more  resistant  to  drouth  than  others,  and  vary 
in  the  amounts  of  irrigation  required. 

v 

A  source  of  irrigation  water  is  therefore  a  very  important  consideration  in 
choosing  an  orchard  site.  This  may  be  either  a  well  or  canal,  or  for  small  orchards, 
a  tank.  The  point  is  that  plentiful  supplies  of  good  water  should  be  available  at  a 
reasonable  cost.  Very  deep  wells  are  apt  to  mean  expensive  water,  except  where 
cheap  electric  power  is  available.  If  canal  water  is  depended  upon,  the  grower 
should  make  sure  that  it  will  not  be  shut  off  at  seasons  when  it  is  needed. 

Soils  for  Fruit  Growing 

The  soil  is  the  basis  of  fruit  production,  as  well  as  of  other  forms  of  agri¬ 
culture.  It  is  therefore  extremely  important  that  a  suitable  soil  be  chosen.  For¬ 
tunately,  many  fruits  may  be  grown  on  a  wide  variety  of  soil  types.  Extremes  are 
to  be  avoided,  for  very  heavy  soils  are  difficult  to  handle,  and  sandy  soils  do  not 
hold  moisture  well,  and  are  likely  to  be  infertile.  A  loam  or  sandy  loam  soil  is 
good  for  most  fruits,  and  such  soils  are  common  throughout  India.  The  more 
fertile  the  soil  is,  the  less  manuring  will  be  necessary,  but  in  any  case  manure  will 
be  needed  to  maintain  the  fertility  during  the  life  of  the  orchard. 

Shallow  soils  should  be  avoided.  Fruit  trees  send  their  roots  deep  into. the 
ground,  and  while  young  trees  sometimes  appear  to  be  doing  well  on  shallow  soil, 
they  soon  become  sickly  and  die.  Good  drainage  is  also  essential,  for  trees  cannot 
thrive  with  water  standing  around  their  roots.  Mangoes  seem  to  be  particularly 
resistant  to  this  condition,  as  they  are  often  found  growing  on  the  banks  of  tanks, 
or  even  in  the  middle  of  them,  with  scarcely  any  dry  ground  beneath  them.  In 
heavy  soils  it  is  sometimes  necessary  to  provide  artificial  drainage. 

Producing  fine  fruit  brings  great  satisfaction,  but  it  does  not  keep  the  wolf 
from  the  door  unless  the  fruit  can  also  be  sold  at  a  profit.  The  prospective  market 
is  thus  a  very  important  factor  in  selecting  the  site  for  an  orchard.  Under  present 
conditions  the  grower  must  depend  primarily  upon  the  city  market.  He  may  there¬ 
fore  select  land  very  close  to  a  city,  or  land  connected  with  one  or  more  cities  by 
good  means  of  communication.  This  may  be  either  a  good  road,  or  a  railroad. 
The  former  is  of  especial  value  if  there  is  motor  lorry  service  to  the  city.  A 
railroad  makes  it  possible  to  ship  fruit  to  markets  several  hundred  miles  distant. 

Co-operation  has  been  of  great  importance  in  the  fruit  industry  of  some 
countries,  and  is  being  developed  in  India.  This  is  possible  only  in  regions  where 
a  good  deal  of  fruit  is  grown.  It  is  therefore  an  advantage  to  choose  a  site  in  a 
section  where  fruit  growing  is  popular.  Even  if  organized  co-operative  societies 
do  not  exist,  one  can  learn  much  from  the  experience  of  other  growers.  It  shou  d 
also  be  remembered  that  fruit  growing,  like  other  forms  of  agriculture,  is  not  only 
a  science,  an  art,  and  a  business,  but  also  a  way  of  living.  The  grower  s  home 
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should  be  on  or  near  his  orehard.  Medical,  educational,  social,  and  religious 
facilities  should  therefore  be  kept  in  mind. 

Preliminary  Operations. 

After  selecting  the  site,  and  before  planting  any  trees,  it  may  be  desirable 
,o  carry  out  one  or  more  preliminary  operations.  This  will  depend  on  the  state 
of  the  land,  and  the  grower’s  plans.  It  may  be  necessary  to  grade  and  manure 
the  land,  to  provide  water,  to  build  fences,  and  to  plan  for  buildings.  Any 
these  operations,  if  delayed,  may  cause  a  considerable  loss. 

It  must  be  remembered  that  orchards  require  irrigation,  and  that  this  is 
ordinarily  feasible  only  where  the  slope  of  the  land  is  moderate,  and  fair  y  uniform 
The  slope  may  be  in  two  or  more  directions,  provided  there  is  a  central  high  spo 
or  ridge  where  water  is  available.  If  the  land  is  uneven,  grading  is  essential.  If 
the  slope  is  too  great,  irrigation  becomes  difficult  and  may  cause  washing  of  the 
soil.  Erosion  during  the  rainy  season  is  also  likely  to  be  a  great  economic  oss 
on  such  soil.  On  the  other  hand,  soil  which  is  too  level  is  also  difficult  to  irrigate. 
On  the  plains,  however,  it  is  generally  possible  to  choose  land  which  can  be  given 
a  gentle  slope  with  little  grading.  If  any  grading  is  done!,  it  should  be  remembered 
that  the  sub-soil  is  often  less  fertile  than  the  surface  soil.  Sometimes  orchards 
are  seen  in  which  some  trees  are  much  less  vigorous  than  others,  because  the 
surface  soil  had  been  removed  from  high  spots.  This  difficulty  can  be  largely 
overcome  by  a  very  liberal  application  of  manure  to  such  spots,  before  planting. 


The  irrigation  system  should  be  planned,  and  sometimes  installed,  before 
the  trees  are  planted.  If  a  well  is  to  be  dug,  this/  should  be  done  at  a  very  early 
stage,  for  there  is  always  the  possibility  that  it  will  be  a  failure.  It  may  be  desir¬ 
able  to  put  in  the  permanent  water  channels  before!  planting,  and  at  least  they 
should  be  planned. 

Protection  of  the  trees  from  animal  pests  and  the  prevention  of  stealing 
ordinarily  require  fencing  of  some  kind,  and  this  may  often  be  done  to  advantage 
before  planting.  The  fencing  should  be  such  as  to  exclude  cattle,  goats,  deer,  wild 
pigs  and  monkeys,  as  well  as  human  thieves.  Many  types  of  fencing  are  used,  with 
more  or  less  satisfaction. 


Temporary  fences  may  be  made  of  brush  and  thorns,  but  they  are  not  very 
satisfactory,  and  require  frequent  repair  and  replacement.  Their  only  advantage 
is  the  low  initial  cost,  and  in  the  long  run  they  are  more  expensive  than  more 
permanent  types.  Mud  walls  are  frequently  used,  the  earth  being  dug  from  the 
outside  of  the  base  of  the  wall,  thus  increasing  its  effective  height.  These  are 
quite  effective  against  the  larger  animals,  but  offer  a  slight  obstacle  to  thieves. 
Cactus  is  often  grown  on  top  to  increase  their  efficiency.  High  brick  walls  are 
permanent  and  very  effective,  but  involve  such  a  large  initial  expense  as  to  be  be¬ 
yond  the  means  of  the  ordinary  grower,  except  for  very  small  gardens. 

Wire  fences  of  various  types  are  used,  and  in  general  vary  in  effectiveness 
with  the  cost.  A  strong  woven  wire  fence,  with  a  little  barbed  wire  at  the  top,  is 
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effective  again*  practically  all  animals  and  man,  but  is  also  very  expensive, 
-heaper  wire  fences  ,f  properly  erected,  are  effective  against  animals,  but  are 
ore  easily  climbed  cut,  or  broken  down  by  men.  A  well-kept  wire  fence  is 
neat,  occupies  very  little  space,  and  neither  shades  the  soil  nor  takes  anything  from  it. 

Hedges  offer  a  more  promising  solution,  being  both  cheap  and  effective  if 
the  proper  material  is  used  and  the  hedge  is  properly  treated.  They  require  a 
certain  amount  of  labour  from  year  to  year,  but  this  can  be  done  at  times  when 
work  is  slack.  Their  worst  feature  is  that  being  living  plants,  they  draw  water 
and  food  from  the  soil,  and  may  come  into  competition  with  the  fruit  trees.  Unless 
properly  pruned,  many  hedges  tend  to  spread  and  occupy  much  ground.  Hedges 
may  also  harbour  insect  and  fungous  pests  which  spread  from  them  to  fruit  trees. 
These  objections  may  be  overcome,  however,  by  careful  planning  and  care.  By 
cutting  the  roots  which  extend  toward  the  trees  within  two  feet  of  the  surface, 
harmful  competition  may  be  largely  avoided.  Species  should  be  used  which  are 
not  subject  to  the  same  diseases  and  insect  pests  as  the  fruit.  Thus  a  lime  hedge 
should  not  be  used  around  a  garden  of  any  of  the  citrus  fruits,  but  would  cause 


no  damage  around  mangoes. 

Many  plants  are  commonly  used  for  hedges.  Some  of  these  are  useful  in 
flower  gardens,  where  the  purpose  is  to  form  an  artistic  border  or  division,  but  are 
not  strong  enough  to  protect  an  orchard.  These,  such  as  mehndi  ( Lawsonia  alba ) , 
are  not  here  considered.  Strong  thorny  hedges  are  desired.  Griessen  (1924)  lists  a 
number  of  such,  including  species  of  Acacia  and  Citrus.  The  karanda  ( Carissa 
carandas)  is  one  of  the  best,  as  it  is  strong,  well  armed,  attractive  in  appearance 
throughout  the  year  and  may  be  pruned  to  any  desired  height.  It  has  the  additional 
advantage  of  bearing  a  valuable  fruit  if  not  pruned  too  closely.  It  requires  a  good 
deal  of  pruning  if  it  is  not  to  grow  high  and  also  spread  somewhat.  Its  main  dis¬ 
advantage  is  that  it  takes  a  long  time  to  reach  an  affective  height.  However,  by 
applying  manure  in  the  trench  in  which  it  is  planted,  a  good  hedge  may  be  secured 
in  three  or  four  years. 

Inga  dulcis  is  another  strong  hedge  which  is  commonly  used.  Cactus,  (nag- 
phani ,  Opuntia  sp.),  thor  ( Euphprbia  royleana),  and  some  species  of  Agave  are 
also  commonly  planted.  They  are  fairly  effective,  but  are  difficult  to  control,  dirty, 
and  give  protection  to  weeds  and  snakes.  Parkinsonia  aculeata  is  very  useful  where 
a  fast-growing  hedge  is  desired.  This  will  make  a  fairly  good  hedge  in  one  year 
from  seed.  If  properly  pruned  and  trained,  it  makes  quite  an  effective  barrier,  but 
unless  special  care  is  taken  the  lower  branches  will  not  develop,  and  small  animals 
will  pass  through  it  easily.  It  may  well  be  used  while  a  more  permanent  hedge  is 
being  grown. 


If  windbreaks  are  to  be  used,  they  should  be  planted  at  least  as  soon  as  the 
fruit  trees,  and  it  may  be  an  advantage  to  plant  them  first,  so  they  will  provide 
some  protection  for  the  young  trees.  They  are  considered  further  in  Chapter  6. 

The  treatment  of  the  soil  before  planting  will,  of  course,  depend  on  its  con¬ 
dition  and  previous  history.  If  the  land  has  been  under  cultivation  and  has  been 
well  manured,  nothing  further  may  be  necessary.  On  the  other  hand,  if  the  land 
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has  been  uncultivated,  it  is  likely  to  be  both  poor  and  hard.  It  is  very  difficult  to 
give  such  soil  effective  treatment  after  the  trees  have  been  planted.  Deep  ploughing 
and  a  fairly  heavy  manuring  are  necessary.  A  green  manure  crop,  in  addition  to 
the  use  of  farmyard  manure,  is  often  the  most  economic  means  of  increasing  the 
organic  matter  in  the  soil.  If  these  preliminary  operations  are  begun  in  the  mon¬ 
soon  season,  it  will  be  possible  to  set  out  the  trees  in  the  very  early  spring,  but  in 
most  cases  it  will  be  better  to  wait  a  full  year.  In  order  to  have  the  soil  in  good 
condition  when  the  trees  are  planted,  it  is  often  desirable  to  grow  vegetables  or  field 
crops  for  two  or  three  years  before  planting  the  trees.  In  the  case  of  land  already 
under  cultivation,  such  thorough  treatment  is  not  required,  but  a  good  manuring 
will  generally  be  worth  while. 

Any  buildings  which  are  to  be  in  the  orchard  should  be  planned  before 
planting,  though  construction  may  be  delayed.  A  garden  affords  a  very  pleasant 
site  for  a  dwelling,  and  many  owners  who  take  very  little  active  interest  in  the 
trees  maintain  residences  in  their  gardens.  This  is  very  desirable  in  the  case  of 
those  who  intend  to  manage  the  orchard  personally.  Other  buildings,  such  as  a 
tool  and  implement  store,  a  shed  for  oxen,  and  quarters  for  labourers,  may  also  be 
desirable.  These  should  all  be  near  the  road,  and  fairly  central  in  the  orchard,  if 
it  is  a  large  one.  Unless  the  site  for  buildings  is  selected  before  the  trees  are 
planted,  some  trees  will  be  in  the  way  and  will  have  to  be  removed.  In  large 
orchards  it  is  desirable  to  plan  roads  also,  at  least  to  the  extent  of  leaving  certain 
rows  farther  apart. 


CHAPTER  III 
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Growth,  in  all  nature,  results  from  the  division  of  cells  to  form  more  similar 
cells.  This  may  cause  the  individual  to  increase  in  size,  or  it  may  form  new  indi¬ 
viduals.  Thus  bacteria  reproduce  by  simple  division,  one  of  these  one-celled  plants 
being  exactly  like  another.  In  higher  plants  and  animals,  a  new  individual  is 
generally  formed  only  when  cell  division  follows  the  fusion  of  two  cells.  This  is 
known  as  sexual  reproduction,  and  in  plants  is  the  process  by  which  seeds  are  formed. 

The  new  individuals  formed  in  this  way  are  more  or  less  unlike  their  parents  and 
unlike  each  other. 

There  are  thus  two  ways  of  producing  new  plants,  sexual  and  asexual,  or 
vegetative,  reproduction.  The  differences  between  plants  vegetatively  reproduced 
are  ordinarily  so  small  as  to  be  negligible.  Those  between  sexually  reproduced 
p  an  s,  see  mgs,  may  be  very  small,  or  they  may  be  very  great.  The  more  highly 
developed  a  plant  is,  and  the  more  difference  there  is  between  the  two  parents  the 
greater  is  the  probable  variation  in  the  seedlings.  This  is  sometimes  an  advantage 
and  sometimes  a  disadvantage.  The  history  of  agriculture  is  very  largely  the  history 

n  e^  Th™  °fMPlantS  and  fnimals  80  ,ha>  **  «"*  nearly  meet  man’s 
eds.  This  IS  possible  in  animals,  and  with  minor  exceptions  in  plants,  only 
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through  sexual  reproduction.  No  one  ever  produced  a  new  type  of  plant  by  budding, 
grafting,  or  other  vegetative  means  of  reproduction. 

A  certain  amount  of  variation  occurs  among  seedling  plants,  whether  growing 
wild  or  under  cultivation,  and  man  has  long  taken  advantage  of  this  by  selecting 
the  best  for  propagation.  Larger  variations  result  from  hybridization  and  from 
mutations.  By  controlled  cross-pollination,  man  has  sometimes  been  able  to  com¬ 
bine  the  best  qualities  of  two  or  more  varieties  or  species.  Hybridization  some¬ 
times  results  in  an  increase  in  the  number  of  chromosomes  present  in  each  cell. 
Darrow  (1949)  points  out  the  importance  of  this  factor  in  plant  breeding,  stating 
that,  “The  effects  most  often  obtained  through  polyploidy  are  broader,  thicker  leaves, 
larger  flowers,  larger  fruits  and  fertility  of  hybrids  not  fertile  as  diploids.”  It  has 
been  suggested  that  plants  with  basic  chromosome  numbers  of  10  or  higher  may  be 
of  polyploid  derivation,  and  Darrow  says  thai  if  this  is  the  case,  only  the  peach, 
apricot,  sweet  cherry,  raspberry,  and  a  few  blackberry  varieties  are  not  of  polyploid 
origin.  In  nature,  changes  in  the  chromosome  number  have  come  largely  through 
hybridization,  but  it  is  now  known  that  polyploidy  can  be  induced  by  treating  plants 
with  colchicine  and  certain  other  chemicals.  This  gives  the  plant  breeder  another 
tool,  along  with  hybridization,  to  secure  the  changes  he  desires. 


Plant  and  animal  breeding  is  a  slow  and  difficult  process.  Many  thousands 
of  individuals  must  be  produced  in  order  to  find  one  having  the  desired  character¬ 
istics.  And  when  one  desirable  individual  is  found,  the  task  is  only  begun,  unless 
the  new  type  can  be  reproduced  indefinitely  without  variation.  It  is  here  that 
vegetative  propagation  is  of  great  value.  In  breeding  animals,  and  most  vegetable 
and  field  crops,  the  process  must  be  continued  until  the  new  strain  breeds  fairly 
true  to  type,  that  is,  until  the  variation  between  sexual  offspring  is  so  small  that  it 
can  be  neglected.  Even  then,  there  is  often  the  danger  of  cross  breeding  with  other 
strains,  or  other  species,  often  resulting  in  the  loss  of  the  valuable  characteristics 
which  were  secured  with  such  great  effort.  But  in  working  with  plants  which  can 
be  reproduced  by  vegetative  means,  this  difficulty  disappears.  As  soon  as  one  plant 
with  the  desired  characteristics  is  produced,  it  can  be  multiplied  indefinitely.  Most 
fruit  trees  can  be  propagated  in  this  way. 

Vegetative  propagation  is  therefore  of  great  importance  to  the  nurseryman 
and  fruit  grower,  primarily  because  it  makes  possible  the  production  of  trees  of 
uniformly  high  quality.  It  perpetuates  and  multiplies  desirable  trees.  The  use  ot 
such  trees  makes  fruit  growing  much  less  of  a  gamble,  for '  the  grower  nows  at  e 
time  of  planting,  what  kind  of  fruit  the  trees  will  bear.  Uniformity  is  also  a  very 
desirable  feature  in  harvesting  and  marketing.  It  is  more  economical  to  handle  an 
orchard  in  which  the  fruit  on  all  trees  in  a  block  ripens  at  the  same  time  than  i  i 
where  one  tree  may  be  several  weeks  ahead  of  the  next.  On  the  market,  uniform  y 
is  of  great  importance.  When  the  public  learns  that  all  fruit  of  a  certain  vane  y 
is  of  mod  quality,  it  naturally  prefers  to  buy  such  fruit  rather  than _  that  from 
seed  ling  trees  which  may  be  good  or  poor.  In  pomology,  the  term  vane ty  » 
nronerlv  restricted  to  plants  propagated  by  vegetative  means  from  one  original 
Ancestor  The  term  ‘clone’  is  used  to  convey  this  meaning  more  accurately.  Such 
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varieties  establish  reputations  which  are  of  great  value  to  the  grower  In  apeciea 
grown  only  from  seed,  the  term  ‘variety’  has  a  less  exact  meaning.  Unfortunate  y, 
most  so-called  varieties  in  Indian  horticulture,  are  not  varieties  in  the  strict  sense. 
In  most  cases  they  represent  a  type.  The  variation  within  the  ‘variety’  may  be  con¬ 
siderable,  as  in  the  case  of  ‘Red  Fleshed’  or  ‘Allahabadi’  guavas;  or  minor,  as  m 
the  case  of  ‘Langra’  mangoes. 

It  should  be  remembered  that  the  use  of  vegetative  propagation  does  not, 
of  itself,  insure  trees  of  desirable  characteristics.  If  the  parent  tree  is  of  poor 
quality,  then  those  propagated  from  it  will  be  uniformly  poor.  The  selection  of 
the  parent  tree  is  therefore  of  utmost  importance. 

There  are  other  advantages  of  vegetative  propagation  only  less  important 
than  the  perpetuation  of  desirable  individuals.  In  certain  cases,  seed  is  not  formed, 
and  only  vegetative  means  can  be  used.  This  is  true  ol  all  the  superior  varieties  of 
banana,  and  with  some  varieties  of  grapes  and  orang.es.  In  other  cases  germination 
is  very  poor  or  very  slow,  and  it  is  frequently  more  convenient  to  use  vegetative 
methods. 

It  often  happens  that  certain  varieties  or  species  which  are  otherwise  desir¬ 
able,  are  susceptible  to  some  insect  or  disease,  while  others  may  be  entirely  or 
largely  immune.  If  the  pest  is  one  which  attacks  only  the  roots,  it  can  be  overcome 
by  the  use  of  resistant  varieties  as  rootstock.  The  classic  example  of  this  is  the 
saving  of  the  European  grape  industry.  Grapes  had  flourished  in  France  and 
other  warmer  parts  of  Europe  for  centuries  before  the  discovery  of  America,  and 
the  subsequent  discovery  of  American  species  of  grape9.  When  the  American  grape 
was  taken  to  France,  it  carried  with  it  an  insect,  known  as  phylloxera.  This  insect 
soon  began  to  attack  the  European  grapes,  and  caused  great  damage.  For  a  time 
it  seemed  as  if  the  grape  industry  might  be  wiped  out  of  Europe.  But  the  American 
grapes,  through  long  association  with  this  insect,  had  developed  great  resistance  to 
it.  By  grafting  the  European  grapes  on  American  roots,  it  was  found  that  they 
could  be  grown  without  danger.  The  somewhat  more  costly  form  of  propagation 
is  much  more  than  justified. 

Similarly,  some  varieties  of  citrus  fruits  suffer  from  diseases  of  the  collar 
or  trunk,  while  others  are  immune.  The  use  of  the  immune  varieties  as  rootstock 
for  those  which  are  susceptible  is  consequently  of  great  value. 


In  much  the  same  way,  budding  or  grafting  may  be  used  to  adapt  certain 
fruits  to  unfavourable  environment.  In  temperate  regions  this  is  often  done  to 
secure  hardiness  against  cold.  If  the  roots  of  one  variety  are  likely  to  be  killed  by 
freezing,  this  variety  may  be  grafted  on  the  roots  of  some  more  resistant  type. 
Oranges  grown  in  regions  where  there  is  danger  of  severe  cold  are  sometimes 
budded  on  seedlings  of  the  trifoliate  orange,  a  deciduous  tree  which  is  not  damaged 
by  temperatures  which  would  kill  ordinary  oranges.  This  may  not  make  the  oranges 
any  more  resistant  except  as  it  decreases  growth  during  winter,  and  thus  reduces 
the  amount  of  tender  wood  and  foliage,  but  in  any  case  the  tree  itself  will  not  be 
killed;  At  the  wor*',  it  would  only  be  necessary  for  new  shoots  to  come  out  after 
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the  free  ?.e.  Buds  set  on  these  would  be  producing  fruit  again  in  a  few  years,  much 
earlier  than  would  be  the  case  if  the  old  trees  had  been  hilled  and  new  ones  planted. 

The  die- bach  disease  which  has  ruined  many  orange  orchards  is  apparently 
due  largely  to  unlavourable  soil  conditions.  Attempts  have  been  made  to  avoid 
the  disease  by  the  use  of  resistant  rootstochs,  including  those  of  the  wood-apple, 
t  eroma  limonia,  and  the  bael,  Aegle  marmelos. 


In  most  cases  the  results  of  propagation  on  more  suitable  rootstock  are  not 
spectacular,  but  frequently  some  rootstock  will  prove  somewhat  better  adapted  to 
the  environment  than  the  roots  of  the  variety  desired. 

The  dwarfing  of  fruit  trees  is  commonly  practised  in  Europe,  and  may  be 
°f  advantage  under  certain  peculiar  conditions  in  this  country.  If  it  is  desired  to 
have  a  large  variety  of  fruits  in  a  limited  area,  the  advantage  of  dwarf  plants  is 
obvious.  In  Europe  trees  are  often  trained  against  w?alls,  or  otherwise  severely 
pruned  in  order  to  secure  a  maximum  of  sunshine  and  warmth  for  the  fruit.  Such 
severe  pruning  is  likely  to  interfere  with  fruiting  on  standard  trees,  but  not  on 
dwarf  trees.  Certain  rootstocks  are  known  to  cause  dwarfing  and  are  regularly  used 
for  this  purpose,  for  instance,  pear  trees  grown  on  quince  roots  are  dwarfed. 

Another  minor  use  of  grafting  is  found  in  the  case  of  dioecious  plants,  or 
those  in  which  cross-pollination  is  necessary.  Instead  of  planting  occasional  stamin- 
ate  (male)  trees,  or  trees  of  a  variety  suitable  for  pollination,  single  branches  of 
these  may  be  grafted  into  occasional  pistillate  trees  or  trees  of  the  main  variety. 

Citrus  trees  and  some  others  are  naturally  thorny.  It  has  been  observed  that 
when  these  are  propagated  by  vegetative  means,  the  size  of  the  thorns  is  greatly 
reduced  in  many  cases.  This  is  a  great  advantage,  as  large  thorns  often  damage 
the  fruit. 

Finally,  an  important  use  of  grafting  and  budding  is  the  correction  of  mis¬ 
takes.  Even  in  carefully  conducted  nurseries,  plants  are  sometimes  wrongly  labelled, 
and  the  mistake  may  not  be  discovered  until  the  trees  begin  to  bear.  Unscrupulous 
nurserymen  deliberately  supply  cheap  plants  in  the  place  of  more  expensive  ones, 
or  ones  which  are  out  of  stock.  The  grower  may  also  make  a  mistake  and  choose 
a  variety  of  little  value.  Frequently  market  conditions  change,  making  desirable 
a  change  of  variety  or  even  species.  In  all  of  these  cases,  it  would  mean  a  long 
delay  and  a  great  expense  to  remove  the  trees  and  plant  new  ones.  By  ‘top-working 
the  trees  to  desired  varieties  the  expense  may  be  greatly  lessened,  and  the 
trees  may  be  bearing  in  two  or  three  years. 

While  the  advantages  of  vegetative  propagation  are  so  great  that  it  should 
unquestionably  be  used  with  most  fruits,  there  are  certain  advantages  in  the  use  of 
seedling  trees.  In  a  few  species,  no  successful  method  of  vegetative  propagation 
has  yet& been  discovered,  and  in  others  this  is  a  difficult  and  expensive  operation. 
Seedlings  are  ordinarily  comparatively  cheap.  They  often  produce  somewhat  larger 
trees  than  are  obtained  vegetatively,  and  frequently  bear  heavy  crops.  While  they 
do  not  ordinarily  come  into  bearing  quite  as  soon  as  grafted  plants*  they  are  com¬ 
monly  supposed  to  live  longer.  In  many  cases,  grafted  plants  are  short-lived,  but 
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this  is  probably  due  to  imperfect  compatibility  between  rootstock  and  scion.  Som 
grafted  plants  probably  live  as  long  as  do  seedlings  of  the  same  species. 

A  great  deal  of  work  has  been  done  in  different  parts  of  the  world  on  the 
methods  of  propagation.  Much  of  this  has  been  summed  up  in  books,  such  as  the 
thorough  and  well-illustrated  one  by  Kains  and  McQuesten  (1944).  Less  work  has 
been  done  on  tropical  plants  than  on  those  of  temperate  regions  but  Fe.lden  and 
Garner  (1936)  give  information  on  a  large  number  of  tropical  and  subtropic 
plants.  A  review  of  the  methods  used  with  14  fruits  commonly  grown  in  north 
India  is  given  by  Bajpai  (1947). 


Types  of  Vegetative  Propagation 

Before  proceeding  further  with  a  discussion  of  propagation,  it  may  be  well 
to  define  certain  terms.  Considerable  differences  in  terminology  exist,  and  are  some¬ 
times  confusing.  Suggestions  for  clear  and  standardized  terms  have  been  made  by 
Tukey  (1938).  The  difference  between  the  growth  of  seedling  plants,  on  the  one 
hand,  and  vegetative  propagation  on  the  other,  has  already  been  considered.  Veg©. 
tative  methods  of  propagation  may  be  divided  into  three  groups,  division,  rootage1, 
and  graftage.  Division  or  separation  involves  only  the  removing  from  the  parent 
plant  of  a  part  which  would  grow  into  a  complete  plant  without  man  s  interven¬ 
tion.  This  is  a  common  method  of  propagating  herbaceous  perennials,  but  is  used 
in  the  case  of  the  banana  and  date  only  among  the  important  fruits. 

Rootage,  or  the  propagation  of  trees  on  their  own  roots,  covers  a  number  of 
methods  in  which  a  complete  plant  is  grown  from  one  part,  such  as  a  stem,  leaf^ 
or  root.  Graftage  includes  the  various  forms  of  budding  and  grafting,  in  which  a 
part  of  the  stem  of  one  plant,  known  as  the  scion,  is  joined  to  a  rooted  plant,  or  root, 
known  as  the  rootstock,  in  such  a  way  that  the  scion  grows  to  form  the  fruit¬ 
bearing  part  of  the  tree. 

The  most  common  forms  of  rootage  are  stem  cuttings  and  layering,  in  both 
of  which  the  growth  of  roots  from  portions  of  the  stem  is  induced.  In  the  simplest 
type,  stems  are  cut  into  pieces  which  are  planted  in  the  soil,  where  they  develop 
roots  and  grow.  Certain  plants,  such  as  the  rose,  grow  so  readily  in  this  way  that 
very  little  care  is  necessary.  Of  the  fruits,  the  plum,  fig,  grape  and  lemon  are  fre¬ 
quently  grown  in  this  way  in  India.  In  other  countries,  however,  graftage  is  gen¬ 
erally  preferred  for  most  fruits.  Cuttings  are  very  commonly  used  in  propagating 
ornamental  shrubs. 

Whilie  leaves  are  sometimes  used  as  cuttings,  stems  are  the  most  common 
material  used.  These  may  be  from  herbaceous  plants,  or  if  from  woody  plants, 
may  be  either  ‘hard-wood’  or  ‘soft-wood’  cuttings.  For  fruits,  hard-wood  cuttings 
are  ordinarily  used,  that  is,  stems  which  have  become  mature  and  hard.  Cuttings 
of  deciduous  trees  are  made  during  the  dormant  period.  In  cold  climates  they  are 
generally  cut  in  early  winter  and  planted  in  the  spring.  The  callus  which  forms 
when  the  cuttings  are  stored  in  cool  moist  soil,  sawdust,  or  other  material,  is  an 
advantage,  as  it  protects  the  cutting  from  decay  organisms.  Cuttings  of  evergresa 
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nil''  **■  ‘he  leni0n'  "’ay  be  made  al  ar>y  ‘™e,  but  are  most  likelly  to  succeed 

about  the  | "  The  "’“'l  "*  °btained  Wi‘h  1>ranches  °f 

in  1„.L  T|  •  'ey  may  vary  from  about  four  inches  to  a  foot 

ouicklv  bn ,T  °  '?ves  °n  ,he  Cutti"Ss  eauses  them  to  dry  out  more 

in  the  producl'H  V  ‘Orm0nes  111  the  leaves  seem  to  be  an  important  aid 

of  ,1,1 1“  r°  S’  Z‘mmerman  and  Hitchcock  (1946)  report  that  the  age 

but  the  m  1SSUe  13  sometlmes  of  importance.  Cuttings  of  lilac  in  May  formed  roots, 

to  rl  hTth  rn,  “?  ^  S°ne  by  July'  The  aPPle  is  eomparatively  difficult 
root,  but  they  iound  that  by  applying  growth  substances  to  cuttings  in  early  May, 

ldtn0t  m  June’  the>'  were  successful.  In  species  hard  to  root,  cuttings  from  young 
aeedlmgs  (the  value  of  which  would  not  be  known)  form  roots,  whereas  those  from 
old  trees  rarely  do,  even  when  treated. 

Ordinary  soil,  and  particularly  sandy  soil  is  often  used  for  rooting  cuttings. 
Under  some  condttions  pure  sand  is  preferable.  Peat  moss  and  other  materials 
have  been  used  with  some  success.  Gardner,  (1932)  in  summing  up  the  results  of 
several  experimenters,  indicates  that  while  some  species  do  best  in  peat  moss  and 
some  in  sand,  a  mixture  of  these  two  media  is  generally  very  satisfactory. 


In  recent  years  a  number  of  experiments  have  been  made  on  the  effect  of 
chemical  treatments  on  the  rooting  of  cuttings.  In  many  cases  chemical  treatment 
has  increased  the  percentage  of  cuttings  forming  roots,  but  no  one  treatment  has 
proved  uniformly  helpful.  Potassium  permanganate,  manganese  sulphate,  acid,  and 
sugar  solutions  have  all  seemed  to  give  good  results  with  certain  species  under 
certain  conditions.  May  (1929)  reported  striking  results  with  sugarcane  and  a 
number  of  other  species  from  the  use  of  a  saturated  solution  of  air-slaked  lime. 
More  recently  attention  has  been  centred  on  the  plant  hormones,  or  growth  sub¬ 
stances,  ^chemicals  which,  in  very  dilute  solutions  or  mixtures,  affect  the  growth  of 
plants.  It  has  been  shown  that  a  large  number  of  these  compounds  promote  the 
growth  of  roots.  Among  those  commonly  used  are  indoleacetic,  indolepropionic, 
indolebutyric,  and  naphthaleneacetic  acids,  and  naphthalene  acetamide.  The  most 


common  form  of  treatment  is  placing  the  basal  end  of  the  cutting  in  an  aqueous 
solution  for  about  24,  hours.  Solutions  of  about  .01%  are  generally  satisfactory. 
Other  methods  of  applying  the  hormone  are  in  irrigating  water,  as  a  dust,  or  in 
lanolin.  These  treatments  frequently  result  in  earlier  rooting,  and  in  the  produc¬ 
tion  of  more  roots.  Little  success  has  accompanied  attempts  to  produce  roots  on 
species  which  cannot  be  rooted  by  other  means.  Some  interesting  results  have  also 
been  secured  with  vitamin  Bi  (thiamin),  but  this  seems  to  increase  the  growth  of 
roots,  rather  than  causing  rooting,  and  in  some  experiments,  no  effect  has  been 
observed.  Mumeek  (1941)  found  that  thiamin  at  the  rate  of  .025  to  5.0  milligrams 
per  gallon  produced  conspicuously  beneficial  results  on  several  plants,  but  that  a 
layer  of  half  to  three-fourths  of  an  inch  of  leaf  mould  on  the  surface  gave  as  good 
or  better  results.  Leaf  mould  is  known  to  contain  thiamin  and  other  stimulants. 


Much  of  the  work  on  plant  hormones  has  been  done  in  respect  to  decidu¬ 
ous  plants,  and  Garner  (1944)  reviews  this  and  other  work  on  cuttings  and  layers. 
CfJn^riderable  attention  has  also  been  given  to  fruits  of  warmer  regions,  and  Cooper 
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and  Knowlton  (1940)  used  aqueous  solutions  of  indoleacetic  acid  successfully  on 
16  varieties  of  citrus  fruits  and  the  litchi,  Natal  plum,  sapodilla,  guava,  and  other 
fruits.  A  thorough  review  of  the  usfe  of  growth  substances  in  propagating  tropical 
plants  is  given  by  Cooper  and  Stoutmyer  (1945). 

A  simple  method  of  securing  better  results  from  cuttings  has  been  reported 
(G.  C.  S.,  1949)  in  which  the  portion  of  the  cutting  which  is  to  remain  above  the 
surface  of  the  soil  is  dipped  in  liquid  paraffin  wax  of  low  melting  point. 

Layering  differs  from  the  use  of  cuttings  only  in  that  rooting  is  induced 
before  the  stem  is  severed  from  the  parent  plant.  This  has  the  advantage  of  keeping 
the  stem  growing  for  as  long  a  time  as  is  necessary  for  roots  to  grow  and  establish 
the  new  plant  in  the  soil.  It  may  thus  be  used  for  many  species  which  cannot 
readily  be  grown  by  cuttings.  By  using  a  large  branch,  a  much  larger  tree  can  be 
secured  in  the  first  instance.  In  fact,  it  is  possible  to  have  the  tree  bearing  fruit 
within  a  few  months,  or  even  at  the  time  it  is  separated  from  the  parent  tree.  This 
fact  is  of  little  actual  importance,  but  is  used  by  nurserymen  in  advertising,  and 
appeals  to  certain  buyers. 

Some  plants,  such  as  some  of  the  berries,  root  naturally  when  their  branches 
touch  the  ground.  In  layering,  man  encourages  this  natural  tendency.  In  the  sim¬ 
plest  form,  branches  are  drawn  to  the  soil,  firmly  fastened,  and  covered  with  moist 
earth.  The  soil  is  kept  moist  until  roots  have  developed  and  the  new  plant  can 
be  removed  without  danger.  In  order  to  encourage  rooting,  a  ring  of  bark  about 
half  an  inch  wide  is  often  removed  from  the  part  of  the  branch  which  is  to  be 
covered.  Instead  of  this,  the  branch  may  be  notched  or  slit.  Plant  hormones  may 
also  be  used  to  stimulate  rooting. 

Mound  layering  and  trench  layering  are  forms  not  commonly  used  in  India. 
The  former  is  of  interest  as  one  method  which  has  been  successful  in  the  vegetative 
production  of  apple  stock,  ordinary  layering  and  cuttings  being  largely  unsuccess¬ 
ful.  In  this  method  the  plant  is  headed  back  close  to  the  ground,  and  soil  is  mounded 
up  around  the  shoots  as  they  appear.  Each  shoot  forms  roots,  and  may  be  removed 
after  several  months.  Trench  layering  is  sometimes  used  with  small  plants  having 
no  branch  which  can  be  bent  to  the  ground.  A  shallow  trench  is  dug  on  one  side 
of  the  tree,,  and  the  tree  is  bent  over  and  pegged  down  in  this  trench,  and  the  new 
shoots  are  covered  with  soil.  In  both  of  these  forms  of  layering,  rooting  is  obtain¬ 
ed  in  some  species  only  by  covering  the  plant  entirely,  so  that  the  new  shoots  have 
to  force  their  way  through  the  soil.  The  portion  of  the  shoot  which  is  formed  under 
the  soil  is  white,  or  etiolated,  and  the  method  is  referredvto  as  etiolation.  Lambourne 
(1935)  has  reported  experiments  with  27  fruits  in  Malaya.  The  method  proved 
satisfactory  with  the  carambola,  citron,  lemon,  lime,  mandarin  orange,  grapefruit, 
guava,  jackfruit,  karanda,  rose-apple,  and  a  few  other  species.  Some  success  was 
also  reported  with  the  avocado,  sapodilla,  sweet  orange,  pummelo,  and  tamarind, 
but  not  with  the  mango. 

Air  layering  differs  from  ordinary  layering  mainly  in  that  instead  of  bring- 
ing  a  branch  to  the  soil,  soil  is  taken  to  the  branch.  The  principle  is  exactly  the 
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same.  In  both  cases  a  branch  is  encouraged  to  put  out  roots  by  contact  with  moist 
soil  or  other  material,  often  aided  by  wounding.  Air  layering  has  the  advantage  of 
being  applicable  to  any  branch,  but  it  requires  more  work,  both  in  the  first  instance 
and  until  the  layer  is  removed.  The  soil  is  held  in  place  in  several  ways.  One  of  the 
easiest  methods,  and  one  commonly  used  in  India,  is  to  wrap  the  soil  with  gunny 
or  other  cheap  stout  cloth.  Or  a  small  flower  pot  may  be  split  and  tied  around  the 
branch,  and  then  filled  with  soil.  Clay  is  preferred,  as  it  holds  water  better  than 
other  soils.  Moss  may  be  substituted  for  soil.  It  is  important  that  the  soil  or  moss 
be  kept  moist  at  all  times,  which  ordinarily  requires  daily  watering.  A  device  used 
to  good  effect  is  a  small  earthen  pot,  through  the  bottom  of  which  a  tiny  hole  is 
made.  The  pot  is  tied  above  the  layer,  and  a  string  is  run  through  the  bottom  to 
the  layer.  By  filling  the  pot  once  a  day,  a  constant  water  supply  is  secured. 

To  avoid  the  expense  of  frequent  watering,  at  the  cost  of  somewhat  more 
expensive  material,  plastic  wraps  have  been  successfully  used.  Grove  (1946)  reports 
good  results  on  the  litchi,  although  rooting  takes  somewhat  longer,  using  material 
such  as  Vitafilm,  which  holds  water  but  allows  the  passage  of  gases.  The  wrap  is 
twisted  tightly  around  the  soil  or  moss  and  tied  top  and  bottom,  preferably  with 
rubber  bands.  A  piece  of  paper  is  sometimes  tied  loosely  over  the  plastic  wrap  to 
prevent  birds  from  damaging  it,  and  also  to  keep  the  layer  from  becoming  too  hot. 

Air  layering  is  commonly  used  in  propagating  a  number  of  fruits,  including 
limes,  pummeloes,  litchis  and  pomegranates. 

Air  layering  is  also  known  as  marcottage,  pot  layering,  aerial  layering, 
Chinese  layering,  and  in  India,  gootee. 

In  the  methods  described  thus  far,  new  plants  are  formed  by  causing  roots 
to  grow  from  a  stem.  The  opposite  process,  the  forming  of  leaves  and  stems  from 
portions  of  root,  is  also  used  in  some  cases.  It  is  likely  to  be  easy  in  such  plants 
as  produce  suckers  freely.  This  is  the  case  with  the  guava,  and  this  fruit  is  some¬ 
times  propagated  by  root  cuttings.  It  is  obvious,  however,  that  this  method  would 
be  of  value  only  in  propagating  seedling  trees,  or  those  grown  by  rootage,  or  in 
growing  stock  for  budding  or  grafting.  Root  cuttings  are  made  from  roots  of  about 
the  size  of  stems  used  in  stem  cuttings,  and  are  treated  in  much  the  same  way.  A 
variation,  on  the  analogy  of  layering,  is  the  cutting  of  roots  loose  from  the  tree 
without  removing  them  from  the  soil.  The  cut  end  is  exposed  to  the  light,  and  after 
a  shoot  has  grown,  it  is  removed  with  a  portion  of  the  root. 

Graftage  includes  budding  and  grafting,  which  are  the  same  in  object  and 
principle.  In  grafting  the  scion  which  is  joined  to  the  rootstock,  is  a  stem,  whereas 
in  budding  the  scion  is  a  bud,  an  undeveloped  stem.  Various  methods  are  used  to 
encourage  the  union  of  the  rootstock  and  scion,  and  some  are  more  successful  with 
some  species,  others  with  others.  Some  of  the  more  common  methods  are  here 

described. 

Budding 

The  most  common  form  of  budding  is  called  shield  or  T  budding.  This  is 
the  form  used  in  budding  oranges  and  other  citrus  fruits,  as  well  as  other  fruits,  and 
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,he  rose  among  flowers.  The  seion  wood  should  be  mature  and  rounded,  butnoold. 

It  is  durable  but  no.  necessary,  that  the  leaves  should  still  be  present.  The  blade, 
of  the  leaf  should  be  cut  off,  leaving  the  petiole  as  a  handle  Specral)  budd.ng  knives . 
are  on  the  market,  but  any  very  sharp  knife  with  a  rounded  point  may  be  used. 
Sharpness  is  essential.  Budding  knives  often  have  blunt  bone  blades  at  one  end, 
but  these  are  not  necessary,  and  are  scorned  by  some  professional  budders.  A 
vertical  cut  is  made,  just  through  the  bark,  1  to  H  inches  long,  on  the  stock.  At  the ; 
top  of  this  a  horizontal  cut,  about  half  an  inch  long,  is  made.  If  necessary,  the  bar 
is  then  loosened  from  the  wood,  using  the  back  of  the  blade  or  the  bone  blade.  The 
bud  is  then  cut  by  passing  the  blade  of  the  knife  under  it,  so  as  to  remove  a  shield¬ 
shaped  patch  of  bark  about  1  or  H  inches  long,  and  just  slightly  wider  than  the  bud. 
This  will  include  a  small  amount  of  the  wood,  which  some  budders  claim  should  be 
removed.  Others  are  just  as  emphatic  that  it  should  be  allowed  to  remain.  The 
bud  should  immediately  be  inserted  under  the  bark  of  the  stock,  in  the  T-shaped  , 
cut.  It  should  then  be  wrapped,  in  order  to  hold  it  firmly  in  position  and  to  ex¬ 
clude  air  and  \vater.  This  may  be  done  with  waxed  tape,  string,  raffia,  oi  e\en 
banana  fibre.  If  the  bud  remains  green  for  two  weeks,  this  is  evidence  that  it 
lias  united  with  the  stock. 

Variations  of  this  type  of  budding  are  the  placing  of  the  horizontal  cut  at  the 
base  of  the  vertical  cut,  in  which  case  it  may  be  known  as  inverted  T  budding,  and 
the  omission  of  the  horizontal  cut.  In  the  latter  case  the  stock  is  bent  toward  the 
side  on  which  the  cut  is  made,  in  order  to  loosen  the  bark. 

Ring  budding  is  a  form  sometimes  used  in  this  country,  particularly  on  the 
jujube.  A  ring  of  bark  \  or  *  of  an  inch  long,  and  containing  a  good  bud,  is  loosen¬ 
ed  from  the  scion  wood,  and  slipped  off  one  end  of  the  branch.  The  top  of  the  stock 
is  removed,  and  a  portion  of  the  bark  is  peeled  off.  The  ring  containing  the  bud  is 
slipped  down  over  the  stock  until  it  reaches  the  bark.  If  it  does  not  now  fit  tight¬ 
ly,  more  bark  is  removed,  and  the  ring  is  lowered.  This  is  continued  until  a  snug 
fit  is  secured.  The  bud  is  then  wrapped. 

Patch  budding  is  similar  to  shield  budding,  but  in  it  the.  section  of  bark  con¬ 
taining  the  bud  is  rectangular,  and  the  bark  of  the  stock  is  removed  from  an  area  the 
same  size  and  shape’.  The  bud  is  carefully  tied  in  this  place.  Patch  budding  is  not 
commonly  used. 

'  ' ;  *  "  r  *  i  •  ►  •  , 

The  Forkert  method,  particularly  in  its  modified  form,  is  almost  exclusively 
used  in  Indonesia,  and  has  been  advocated  for  such  fruits  as  the  mango  in 
India.  It  is  similar  to  patch  budding,  with  the  patch  about  an  inch  long  and  a 
third  as  wide,  but  a  flap  of  bark  is  left  at  the  bottom.  In  one  modified  form,  the 
bark  is  peeled  off  after  making  the  initial  transverse  incision,  instead  of  being  cut. 
The  patch  of  bark  containing  the  bud  is  inserted  under  the  flap,  and  covers  the1 
stripped  section  of  the  stock.  It  is  tied  as  in  other  forms  of  budding. 

In  all  forms  of  budding,  it  is  essential  that  the  bark  be  easily  separated  from 
the  wood.  This  is  the  condition  when  the  stock  is  growing  vigorously.  In  northern 
Ipdia  budding  is  most  successful  in  the  very  early  spring,  just  as  g/owth  starts,  or 
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during  the  early  part  of  the  rainy  season.  Buds  should  he  plump,  and  ready  to 
grow,  but  in  no  case  should  they  have  commenced  growth.  Bud  wood  may  be  kept 
for  some  time  if  packed  in  moist  sawdust  or  moss,  so  that  it  does  not  dry  out.  In  this 
way  buds  have  been  successfully  sent  by  post  from  England  and  America  to  India. 

When  the  bud  begins  to  grow,  or  after  a  couple  of  weeks  if  it  is  still  green, 

but  has  not  begun  to  grow,  the  stock  should  be  cut  off  a  short  distance  above  the 
bud. 

I  wo  tissues  can  unite,  or  grow  together,  only  when  the  growing  portion  of 
one  is  in  intimate  contact  with  the  growing  portion  of  the  other.  The  growing  por¬ 
tion  of  a  stem,  aside  from  its  tip,  is  limited  to  the  cambium  layer,  just  beneath  the 
bark.  It  is  therefore  essential  in  all  graftage  that  the  cambium  layers  of  rootstock 
and  scion  be  brought  together.  This  is  easy  in  the  case  of  budding,  as  the  bud  rests 
entirely  on  the  cambium  of  the  stock.  There  are  various  types  of  grafting,  and  in 
each  it  is  necessary  that  care  be  taken  to  bring  the  cambium  layers  together. 

Grafting 

Ordinary  grafting  is  used  commonly  with  deciduous  plants,  and  is  practised 
while  they  are  dormant.  There  is  thus  time  for  the  union  to  form  before  the  scion 
has  any  need  of  receiving  water  and  nutrients  from  the  root.  In  the  simplest  form 
of  grafting,  the  scion  and  top  of  the  rootstock  are  stems  of  the  same  size,  generally 
£  to  4  inch  in  diameter.  Similar  diagonal  cuts,  about  1|  inches  long,  are  made  in  the 
stock  and  scion,  and  the  two  are  tied  together  tightly,  and  waxed.  This  is  known 
as  splice  or  whip  grafting.  The  first  term  is  to  be  preferred,  as  it  is  descriptive 
and  as  the  second  is  also  used  for  another  type,  tongue  grafting.  The  latter  which 
is  also  called  whip-and-tongue  grafting  is  started  in  the  same  way,  but  after  making 
the  diagonal  cuts,  both  stock  and  scion  are  slit  carefully  about  half  an  inch  from 
the  end,  and  to  a  distance  of  about  one  half  an  inch.  The  two  are  then  forced  to¬ 
gether  so  that  the  tongues  enter  into  the  slits.  The  graft  is  then  waxed,  with  or 
without  tying.  The  advantages  of  this  type,  as  compared  with  splice  grafting,  are 
greater  strength  and  a  greater  length  of  cambium  in  contact.  Both  types  are  used  in 
root  grafting,  in  which  case,  the  root  of  a  seedling,  or  part  of  a  root,  is  used  as 
the  stock. 

The  saddle  graft  is  another  type  sometimes  used,  particularly  with  plants  with 
thick  fleshy  tissue,  such  as  the  papaya.  The  top  of  the  slock  is  cut  from  both  sides, 
to  form  a  wfedge  and  a  corresponding  cut  is  made  in  the  scion,  so  that  it  will  fit 
tightly  over  the  stock.  It  is  bound  in  this  position,  and  may  be  waxed. 

The  wedge  or  cleft  graft  is  sometimes  used  when  the  stock  is  a  section  of  root. 
The  lower  end  of  the  scion  is  cut  to  form  a  wedge,  and  this  is  inserted  in  a  cut  in 
the  top  of  the  stock  so  that  the  cambium  layers  will  coincide,  at  least  on  one  side. 

The  graft  is  then  tied  and  waxed. 

Side  grafting  is  done  without  removing  the  top  of  the  rootstock,  which  may 
be  considerably  larger  than  the  scion.  The  base  of  the  scion  is  cut  to  form  a  wedge 
with  one  side  slightly  longer  than  the  other.  An  incision  is  made  in  the  side  of  the 
rootstock  at  an  angle  of  about  20  degrees,  deep  enough  so  that  the  wedge  of  the 


Three  types  of  budding.  In  each,  (a)  represents  the  bud,  (b)  the 
rootstock,  and  (c)  the  rootstock  with  the  bud  in  place. 
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Three  types  of  gratting.  In  each,  (a)  represents  the  scion,  (b)  the 
rootstock,  and  (?)  the  scion  and  rootstock  joined. 
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scion  may  he  inserted.  Tying  may  not  he  necessary,  hut  waxing  is.  In  the  side 
tongue  graft,  the  wedge  is  made  with  one  side  much  longer  than  the  other.  A 
tongue  is  cut  on  this  long  side.  A  long,  sloping  cut  is  made  above  the  incision  on 
the  rootstock,  and  this  is  also  slit  to  form  a  tongue  which  interlocks  with  the  tongue 
of  the  seion  when  the  latter  is  slipped  into  place. 

When  old  trees  are  to  he  ‘top-worked’,  that  is,  budded  or  grafted  to  some 
other  variety,  this  may  he  done  in  several  ways.  The  main  branches  may  be  cut  back 
to  within  a  few  feet  of  the  trunk.  It  was  formerly  common  to  bud  or  graft  some 
of  the  shoots  which  were  forced  out  by  this  severe  pruning,  but  it  is  probably  better 
to  place  the  buds  or  grafts  directly  in  the  old  wood.  In  budding,  it  may  be  neces¬ 
sary  first  to  thin  the  bark.  For  grafting,  each  branch,  after  being  headed  back,  may  be 
split.  Scions,  the  size  of  a  pencil,  are  cut  wedge-shaped  at  the  base  and  are  in¬ 
serted  in  the  split,  one  on  each  side,  care  being  taken  that  one  cambium  layer 
of  the  scion  comes  in  contact  with  the  cambium  layer  ©f  the  slock.  This 
also  is  known  as  cleft  grafting.  Sometimes  the  tree  is  cut  off  a  foot  or  two  from 
the  ground.  If  the  trunk  is  not  more  than  two  or  three  inches  in  diameter,  cleft 
grafting  may  then  be  used.  Otherwise  it  is  better  to  use  bark  grafting,  in  which 
the  scions  are  cut  on  the  diagonal  as  for  splice  grafting,  and  are  inserted  between 
the  bark  and  the  wood.  This  is  also  called  rind  or  crown  grafting. 

Instead  of  ordinary  top-working,  a  method  developed  in  Australia  and  called 
frame-working  may  be  used.  This  involves  more  work,  but  has  the  advantage  that 
the  tree  gives  some  fruit  in  the  second  season  and  is  in  fvdl  bearing  again  from  the 
third.  The  smaller  branches  and  side  shoots  are  removed,  and  most  of  the  side 
shoots  replaced  by  scions  of  the  desired  variety.  Stub  grafting  and  side  grafting 
are  the  most  common  methods.  In  stub  grafting,  a  scion  about  six  inches  long 
is  cut  in  wedge  form  and  inserted  in  a  slanting  incision  on  the  upper  side  of  the 
side  shoot  to  be  replaced,  which  is  pressed  down  to  allow  the  scion  to  be  inserted 
and  released  to  hold  it  fast.  The  shoot  is  then  cut  off  just  above  the  point  of  union, 
and  the  wound  sealed  with  grafting  wax. 


None  of  these  forms  oi  grafting  is  easily  applied  to  evfergreen  trees  especially 
in  a  dry  atmosphere,  and  in  consequence,  they  are  of  comparatively  little  impor¬ 
tance  on  the  plains  of  India.  The  form  which  is  commonly  used  is  known  as  in¬ 
arching,  or  grafting  by  approach.  Almost  all  of  the  grafted  mangoes  are  pre¬ 
pared  in  this  way,  and  the  method  is  often  used  for  guavas,  oranges,  and  other 
fruits.  Inarching  diflers  from  ordinary  grafting  much  as  layering  differs  from  prop¬ 
agation  by  cuttings.  In  it  the  scion  from  a  good  tree  is  grafted  on  to  a  seedling 
stock,  but  in  such  a  way  that  the  scion  is  supported  by  the  parent  tree  during  the 
process  of  union.  As  union  requires  several  weeks,  the  scion  would  dry  out  and 
die  in  the  process,  could  it  not  draw  water  from  the  parent  tree. 

The  process  is  very  simple.  A  seedling  plant  is  placed  alongside  a  tree  of  the 
desired  variety,  in  such  a  way  that  a  branch  of  about  the  same  sire  as  the  stem  of 
he  seedling  may  be  brought  in  contact  with  it,  running  parallel  to  it.  The  end  of 
*e  branch  should  be  pointing  upward,  though  careless  gardeners  often  graft  the 
her  nay  around.  Such  plants  grow,  and  are  said  to  make  fairly  satisfacWrv  trees 
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eventually,  but  at  best,  their  development  is  delayed  a  year  if  tW  i  , 

coming  to  the  ground,  the  seedlings  may  be  planted  in  ,h  '  '  T 

kept  in  pots  on  the  «-roi,ml  If  ,1  }  P  ,  ,  ,n  lhe  ground,  or  they  may  be 

vo  can  be  drawn  together  and  forced  to  meet  the  full  length  of  the  cut  If  stock 
and  scion  are  not  of  the  same  size,  the  smaller  should  be  sliced  deeper  so  tint  the 
cambmm  layers  will  meet.  The  scion  is  carefully  and  tightly  bound  in  place  so  that 

time's  twToTT  "t  “  Td  the  S,°Ck-  ThiS  iS  'eft  f°r  several  *°me- 

dry  out  Tl •  "*  0"  y  Care  being  t0  866  that  the  seedling  does  not 

dry  out.  Tins  means  regular  watering,  especially  if  the  plants  are  i„  pots.  When 

.me  has  been  allowed  for  the  union  to  take  place,  the  scion  is  cut  loose  from  the 

parent  tree,  just  below  the  union,  and  the  top  of  the  stock  is  removed.  It  is  well  to 

make  both  cuts  in  three  or  four  stages,  at  intervals  of  about  a  week.  When  the 

scion  is  finally  severed  from  the  parent  tree,  the  young  graft  should  be  kept  in  the 

shace  for  several  days,  after  which  it  may  be  planted  in  the  nursery.  It  should  be 

ready  to  plant  out  in  from  three  months  to  a  year. 


A  method  is  sometimes  used  in  commercial  nurseries  which  makes  possible 
the  marching  of  a  large  number  of  plants  on  a  small  area.  The  parent  trees  are 
planted  close  together,  headed  low,  and  pruned  heavily,  while  the  ground  is  kept 
very  fertile^  The  result  is  a  large  number  of  shoots  suitable  for  grafting,  near  the 
ground.  .  The  roots  of  the  seedlings,  with  small  balls  of  earth,  are  frequently 
wrapped  in  grass  instead  of  being  put  in  pots,  as  they  are  then  easier  to  handle.  One 
disadvantage  of  this  method  is  that  the  parent  trees  bear  little  or  no  fruit,  so  there 
is  no  check  on  the  inherent  capacity  of  the  strain. 


\\  bile  inarching  is  not  a  difficult  method,  and  a  high  percentage  of  success  is 
secured  by  ordinary  gardeners,  it  is  not  to  he  recommended  if  other  mthods  can  be 
used.  It  is  a  cumbersome  method  and  therefore  expensive.  The  number  of  grafts 
which  can  be  taken  from  one  tree  is  much  less  than  the  number  of  buds  which  can  be 
secured.  The  union  is  at  first  rather  weak,  and  for  several  months  the  scion  is  in 
danger  of  being  broken  off.  Because  of  this  danger,  the  tie  is  often  left  on  too  long, 
causing  an  uneven  growth  at  the  point  of  union.  Nevertheless,  it  is  a  very  valuable 
method  in  that  it  can  be  used  where  all  other  forms  of  vegetative  propagation  fail 
or  succeed  so  rarely  as  to  be  uneconomical. 


^  hen  the  root  or  lower  part  of  the  trunk  of  a  tree  becomes  diseased  or  is 
damaged  by  rodents,  it  is  sometimes  possible  to  save  its  life  by  inarching  one  or  more 
seedlings  into  the  trunk  above  the  place  where  the  damage  has  occurred.  In  such 
cases  the  seedlings  are  planted  close  to  the  trunk,  and  when  established  are  grafted 
by  one  of  several  methods.  They  may  be  grafted  as  in  ordinary  inarching,  when  the 
top  of  the  seedling  is  left  on  it  until  after  union  has  taken  place.  Or  the  top  may 
be  removed  with  a  slanting  cut  and  inserted  under  the  bark  of  the  older  tree  which 
is  prepared  as  for  inverted  T  budding.  In  some  cases  it  is  desirable  to  fasten  the 
rootstock  firmly  in  place  by  means  of  a  tack,  as  well  as  tying  it  in  the  normal  way. 


I 


( a  r 


Bark,  rind,  or  crown  grafting,  (a)  scion,  (b)  rootstock  w'jth  four 
scions  inserted  and  a  place  prepared’ for  another. 


Inarching,  (a)  rootstock  and  scion  prepared  tor  grafting,  (b)  rootstock  growing  in  a  flower 
pot  and  joined  to  the  scion,  which  is  a  bianch  of  the  tree  to  be  propagated. 
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Gandhi  (1950A)  points  out  that  the  seedlings  should  be  inarched  into  the  scion 
and  not  into  the  upper  part  of  the  rootstock  of  a  grafted  tree,  and  that  it  is  useless 
to  try  to  increase  the  vigour  of  a  tree  in  this  way  unless  the  reason  for  the  lack  of 
vigour  is  an  unsatisfactory  rootstock. 

Influence  of  Stock  and  Scion 


Will  oranges  grown  on  lemon  or  khatta  stock  be  sour?  This  is  a  question 
which  is  often  asked.  Popular  opinion  often  answers  this  and  similar  questions  in 
the  affirmative,  but  the  evidence  is  in  the  negative.  The  question  of  the  influence 
of  the  stock  on  the  scion,  and  vice  versa,  has  been  discussed  ever  since  graftage  was 
first  practised.  It  is  now  agreed  that  such  influences  exist,  but  that  they  are  not  near¬ 
ly  as  important  as  has  often  been  supposed.  Gardner,  Bradford  and  Hooker  (1927) 
state  in  this  regard,  ‘Differences  in  the  character  of  the  fruit  produced,  depending  on 
the  kind  of  stock  used,  are  generally  negligible  or  wholly  absent,  judged  by  com¬ 
mercial  standards’.  In  selecting  stock,  therefore,  one  need  not  fear  a  stock  bearing 
60ur  fruit.  What  is  important  is  that  the  stock  be  one  which  experience  has  shown 
to  be  successful  with  the  fruit  concerned. 

The  stock  influences  the  scion  by  the  amount  of  water  and  nutrients  which  it 
supplies.  A  vigorous  stock  is  obviously  able  to  absorb  more  from  the  soil  than  a 
weak  stock.  This  difference  is  sufficient  to  explain  the  variations  ordinarily  observed, 
but  some  other  factor  may  be  involved.  Smith,  Reuther  and  Specht 
(1949)  analyzed  the  leaves  of  Valencia  oranges  grown  on  six  rootstocks 
and  found  highly  significant  differences  in  the  percentage  of  nitrogen, 
potassium,  calcium,  magnesium,  manganese,  copper,  boron,  zinc,  and  iron,  but 
not  of  sodium.  The  concentration  of  the  minor  elements  varied  more  than  that 
of  the  majoi  elements  but  the  absolute  amount  of  nitrogen  per  leaf  appeared  to 
be  correlated  with  tree  size,  suggesting  a  large  difference  in  the  ability  of  the  root¬ 
stocks  to  supply  nitrogen,  which  in  turn  contributes  toward  producing  different 
growth  rales. 


Ceitain  Russian  biologists  have  reported  remarkable  effects  of  rootstocks  and 
other  factors  in  the  environment,  in  some  cases  heritable  effects.  Scientists  in  other 
countries  have  not  been  able  to  confirm  these  experiments. 

The  changes  in  the  scion  induced  by  the  rootstock  may  concern  the  size 
shape,  and  longevity  of  the  tree,  the  time  of  flowering,  and  the  amount,  time  of 
maturity,  s.ze  colour,  and  quality  of  the  fruit.  In  a  similar  way,  the  scion  seems 
m  Uence  lhe  f°f  ’  though  the  evidence  is  not  so  often  noticed,  the  root  being 
r/  S‘f  lL .  'f  ‘he  ,sclon  15  vigorous,  it  probably  supplies  the  roots  with  more 

S  £  Xetot  :t"i  £?  '  -  -  *  -  «  on  rt 
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ntay  be  united  with  -ion 

possible  between  varieties  in  a  specie-  1  '"S  an‘  grafllng  are.  commonly 

in  a  spec.es,  or  between  the  species  of  a  genus,  and 
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sometimes  between  different  genera  of  a  family.  Different  families  are  considered 
incompatible  and  the  statement  of  Naik  (1949)  that  inarching  the  rose  apple,  a 
number  of  the  Myrtaceae ,  on  the  star  apple,  of  the  family  Sapotaceae,  and  vice 
versa  had  been  found  easy,  was  based  on  a  mistaken  identification.  Sometimes 
graftage  is  seemingly  successful  but  the  union  is  not  satisfactory  and  after  a  few 
years  the  tree  is  dwarfed  and  unhealthy,  or  dies.  In  some  cases  the  stem  above 
the  union  becomes  larger  than  that  below  the  union.  The  reverse  also  occurs, 
buch  differences  generally  indicate  a  difference  in  the  relative  vigour  of  stock  and 
scion,  but  not  always.  Nor  are  such  unions  always  unsatisfactory. 

The  causes  of  incompatibility  are  not  understood.  Practice  must  therefore 
be  based  on  experience.  Fortunately,  there  is  a  vast  body  of  recorded  experience  on 
tlie  question  of  suitable  slocks  for  the  different  fruils.  An  excellent  summary  of 
ibis  material  was  published  by  Argles  (1937).  But  comparatively  little  of  this 

a  stock  which  is  suitable  under  one  set  of  conditions  may 
fail  in  a  different  environment,  it  is  necessary  to  test  stocks  locally.  Many  more 
carefully  controlled  stock  trials  are  needed  in  India.  A  complicating  factor  is  tho 
fact  that  two  species  may  be  compatible  when  one  is  the  stock  and  the  other  the 
scion,  but  not  when  the  second  is  the  stock  and  the  first  is  the  scion. 

There  is  no  limit  to  the  number  of  buds  or  grafts  which  may  be  made  on 
one  tree.  As  curiosities,  trees  are  sometimes  prepared  which  bear  fruits  of  a  num¬ 
ber  of  different  varieties  or  species.  These  are  seldom  of  any  practical  importance. 
Double  working,  however,  is  often  of  real  value.  If  the  fruit  to  be  grown  is  not 
compatible  with  the  rootstock  which  is  best  suited  to  the  locality,  it  is  sometimes 
possible  to  make  a  first  graft  with  a  variety  which  is  compatible  with  both,  and  then 
graft  the  desired  variety  on  this.  In  the  same  way,  a  trunk  may  be  grown  from 
a  variety  which  is  more  resistant  to  trunk  diseases  than  either  the  root  or  the  top. 
In  a  review'  of  the  literature,  Katyal  (1949)  deals  writh  the  effect  of  the  intermediate 
stem-piece  on  size,  yield,  hardiness,  disease  resistance,  fruit  setting,  size  and  quality 
of  the  fruit,  and  the  physiology  and  chemistry  of  the  plant.  The  effect  on  the 
root  system  is  often  greater  than  on  the  top. 

It  was  formerly  thought  that  all  scions  of  a  given  variety  were  equally  good 
for  propagation.  The  falsity  of  this  idea  was  first  noticed  in  the  citrus  orchards  of 
California,  where  some  trees  were  observed  to  be  very  poor  producers.  It  was 
found  that  these  trees  came  from  buds  taken  from  low  yielding  branches.  Sharael 
and  others  who  investigated,  explained  the  phenomenon  as  being  caused  by  bud 
variation.  Certain  buds,  for  no  known  reason,  develop  into  branches  which  differ 
from  the  rest  of  the  tree.  Not  only  are  there  differences  in  yield,  but  the  nature 
of  the  fruit  is  also  often  affected.  In  later  reports,  Shamel  has  shown  that  similar 
variations  occur  in  many  fruits,  though  not  often  as  marked  as  in  citrus  fruits. 

As  L.  Singh  (1932)  has  pointed  out,  there  is  much  variation  in  the  fruit 
trees  grown  in  India.  It  is  therefore  very  important  that  scions  he  very  carefully 
selected  from  the  best  trees.  In  order  to  be  safe,  it  is  necessary  to  select  scions 
from  branches  which  are  bearing  fruit  at  the  time. 
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The  production  of  rootstock  for  propagation  is  often  given  only  casual  con¬ 
sideration  by  nurserymen  and  fruit  growers.  Seedlings  are  used,  and  one  seed  mg 
of  the  species  is  regarded  as  being  as  good  as  another.  As  a  matter  of  fact,  there 
is  much  variation  among  seedlings  and  not  all  are  suitable  for  stock.  Nevertheless, 
seedlings  make  the  best  rootstock,  in  most  cases.  Clonal  stock,  such  as 
cuttings,  is  sometimes  desirable,  especially  for  experimental  work,  where  the  greatest 
possible  uniformity  in  plants  is  needed.  If  seedlings  are  used;  only  those  making 
a  fairly  uniform,  vigorous  growth  should  be  selected.  If  seedlings  are  given  a 
fair  chance  in  the  nursery,  those  which  are  stunted  at  the  age  of  six  months  or  a 
year  are  likely  to  remain  small  throughout  life.  Scions  grafted  on  such  stock  are 
also  likely  to  make  a  poor  growth. 

While  it  is  true  that  in.  most  cases  seedling  fruit  trees  are  likely  to  be  un¬ 
satisfactory,  there  are  a  few  exceptions.  Much  fine  citrus  fruit  in  India  is  borne 
on  seedling  trees,  and  in  some  other  countries,  seedling  mangoes  are  excellent.  This 
is  explained  by  a  condition  known  as  polyembryony,  which  is  common  among  citrus 
fruits,  and  occurs  in  mangoes  and  some  other  fruits  also.  One  seed  contains  two 
or  more  embryos,  only  one  of  which  is  sexual,  the  result  of  the  union  of  male 
and  female  cells.  Tile,  others  arise  from  the  tissue  of  the  mother  plant,  and  are 
genetically  just  like  it.  Not  all  of  the  embryos  develop,  and  a  polvembryonic  seed 
may  give  rise  to  only  one  plant.  As  the  asexual,  or  apogamic,  embryos  are  fre¬ 
quently  more  vigorous  than  the  sexual  ones,  the  percentage  of  apogamic  seedlings 
is  likely  to  be  rather  high.  In  some  cases,  particularly  in  hybrids,  only  apogamic 
seedlings  develop.  hen,  as  in  the  case  of  the  citrus  fruits,  the  extra  embryos 
arise  in  the  nucellus,  they  are  called  nucellar  embryos  and  become  nucellar  seed¬ 
lings. 


I  lie  question  arises  whether  or  not  one  is  justified  in  using  vegetative 
propagation  in  the  case  of  varieties  with  a  large  degrfcx?  of  polyembryony.  The! 
apogamic  seedlings  will  bear  fruit  like  that  of  the  female  parent,  although  Swingle 
( 1948)  reports  that  of  40  or  more  apogamic  seedlings  of  navel  oranges,  none 
showed  a  true  navel,  and  there  may  be  other  slight  changes.  As  a  group  of  bud¬ 
ded  or  grafted  trees  propagated  from  a  single  plant  have  rootstocks  which  may 
\ary  considerably,  apogamic  seedlings  may  actually  show  more  uniformity.  Like 
ordinary  seedlings,  however,  the  trees  tend  to  be  tall  and  slender,  and  to  come 
into  bearing  later  than  budded  or  grafted  trees.  In  the  case  of  citrus  trees,  they  • 
are  likely  to  be  thorny.  So  it  is  frequently  desirable  to  use  vegetative  means  of 
propagation,  even  where  there  is  a  high  degree  of  polyembryony. 

The  value  of  apogamic  seedlings  as  rootstocks  is  obvious,  for  they  are 
likely  to  be  more  vigorous  and  more  uniform  than  sexual  seedlings.  Sometimes 
varieties  which  have  been  propagated  vegetatively  for  many  generations  become 
somewhat  lacking  in  vigour.  Hodgson  and  Cameron  (1938)  and  Frost  (1938) 
Ime  pointed  out  that  such  varieties  may  have  their  vigour  restored  by  being  grown 
once  rom  apogamic  seedlings.  I  or  this  process  of  rejuvenation,  Swingle  in  1932 
corned  the  term  neophyosis’,  from  the  Greek  meaning,  ‘causing  to  grow  anew’  In 
.he  case  of  thorny  citrus  seedlings,  by  taking  buds  only  from  branches  Irising 
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after  three  or  four  years,  excessive  thominess  may  be  avoided.  The  loss  of 
vigour  m  old  clones  may,  at  least  in  some  cases,  be  caused  by  a  gradual  accumu- 

,  ,°f  “,  d  Vir.US  d,seafs'  Because  viruses  are  ordinarily  not  transmitted 

irough  seeds,  as  they  are  by  vegetative  propagation,  the  apogamic  seedlings  are 
free  rom  them.  Swingle  (1948)  states  that  nucellar  seedlings  of  citrus  are 
entirely  free  from  virus,  apparently  because  the  embryo  sac  and  immediately  adjoin¬ 
ing  tissues  are  impregnated  at  flowering  time  with  some  substance,  believed  to  be 
desoxynbose  nucleic  acid,  which  destroys  all  the  virus  present. 


^lnle  polyembryony  is  often  an  advantage,  it  increases  the  difficulties  of 
the  plant  breeder  who  wishes  to  produce  hybrids.  By  laborious  hand  pollina- 
lion,  he  may  secure  a  large  number  of  seed,  but  because  many  of  the  seedlings 
resulting  are  apogamic.  Ire  may  have  few  actual  hybrids. 


In  growing  seedlings,  either  for  rootstock  or  for  the  growing  of  seedling 
trees,  an  effort  should  be  made  to  provide  favourable  conditions  for  germination 
and  growth.  This  involves  a  well-prepared  seed-bed,  and  provision  for  an  ade¬ 
quate  water  supply.  Weeding  and  cultivation  are  also  necessary.  Nursery 
practice  differs  in  different  places  and  with  different  fruits.  Ordinarily  the  seed 
is  either  broadcast  or  sowed  rather  close  together  in  rows.  When  the  seedlings 
are  large  enough  to  transplant  readily,  they  are  set  out  in  nursery  rows.  They 
should  be  ready  for  budding  or  grafting  in  about  one  year.  After  budding  or 
grafting  they  are  ordinarily  kept  in  the  nursery  for  at  least  a  year.  With  most 
sorts,  it  is  best  to  plant  the  trees  in  their  permanent  positions  between  one  and 
two  years  after  graftage.  Many  ignorant  growers  consider  it  an  advantage  to  get 
very  large  plants,  and  nurserymen  take  advantage  of  this  to  dispose  of  stock 
which  has  been  in  the  nursery  four  or  five  years,  or  even  longer.  The  initial 
advantage  which  such  stock  seems  to  have  is  more  than  counterbalanced  by  the 
slow  growth  such  plants  make.  In  selecting  trees  in  the  nursery,  attention  should 
be  paid  to  both  the  size  and  the  age.  One-  or  two-year-old  trees  which  are  large 
for  their  age  are  desirable.  Dishonest  nurserymen  sometimes  put  slow-growing 
older  trees  in  with  normal  younger  ones,  to  the  great  disadvantage  of  the  buyer. 


Chapter  iv. 

PLANTING 


The  actual  planting  of  the  trees  in  the  orchard  is  an  operation  of  great 
importance.  Mistakes  made  at  this  time  are  likely  to  cause  loss  throughout  the 
life  of  the  orchard,  and  it  is  very  difficult  or  impossible  to  correct  them.  Com¬ 
paratively  simple  though  the  operation  is,  it  should  be  carefully  planned  and 
executed.  Well -grown  trees  of  the  best  kinds,  properly  planted  on  soil  that  has 
been  wisely  chosen  and  thoroughly  prepared,  form  the  foundation  of  a  flourish¬ 
ing  and  profitable  orchard. 

The  season  of  planting  is  a  large  factor  in  the  successful  establishment  of 
the  orchard.  This  will  vary  with  different  fruits  and  under  different  local 
conditions.  In  India  the  most  common  seasons  for  planting  are  the  monsoon 
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and  the  middle  of  the  winter,  the  former  being  the  most  popular.  This  is  prob¬ 
ably  the  best  time  for  most  evergreen  trees.  If  these  are  planted  early  in  the 
rainy  season,  they  soon  establish  themselves,  and  grow  vigorously.  By  thle  end  of 
the  rains  the  roots  have  spread  to  a  considerable  extent  and  frequent  irrigation  is 
not  necessary.  Such  trees  are  in  excellent  condition  to  withstand  the  heat  and  drying 
winds  of  summer.  Some  authorities,  however,  prefer  to  transplant  trees  in  the 
month  of  January,  and  where  irrigation  is  easy  and  inexpensive,  this  may  be 
desirable.  The  trees  at  that  time  are  not  growing  as  rapidly  as  in  the  rains, 
and  suffer  less  shock.  They  start  growing  as  the  weather  begins  to  warm  up,  and 
by  the  rains  are  well  established  and  ready  to  take  lull  advantage  of  the  excellent 
growing  conditions  which  exist  at  that  time. 

Deciduous  trees  may  be  transplanted  during  the  winter  while  they  are  dormant, 
without  shock.  Except  under  unusual  conditions,  this  is  the  best  time,  although 
such  plants  may  often  be  transplanted  during  the  rains  with  little  loss.  During 
the  dormant  period  plants  may  be  handled  with  bare  roots,  resulting  in  a  consider¬ 
able  saving  in  packing  and  railway  costs,  if  the  trees  are  shipped  any  distance. 
It  is  important  that  dormant  planting  be  not  delayed  until  too  late  in  the  season. 
If  growth  starts  before  transplanting,  the  trees  are  likely  to  suffer  severely  and 
be  in  poor  condition  for  the  hot  weather. 


Planting  Plans 

In  planting  an  orchard,  a  well-considered  plan  should  he  followed.  This 
should  provide  for  the  maximum  number  of  trees  per  acre  consistent  with  sufficient 
space  for  the  proper  development  of  each  tree  and  convenience  in  orchard  opera- 
ions.  If  more  than  one  k.nd  of  fruit  is  to  be  planted,  each  kind  should  ordi¬ 
narily  be  in  a  block  by  itself.  It  is  obvious  that  large  trees  cannot  be  mixed 

the  “  °"eS  a"  or<ler|y  fashion  without  waste  space.  Fruits  ripening  at 
,  same  season  should  be  grouped  together  for  convenience  in  protection  and 

I-  '  tHere  iS.VarM°"  in  lh*  «h.  block,  should  be  so  planned  as 

cl, err  '°',r  SOil’  "  far  as  Possib'«-  I"  some  fruits,. as  the 

y,  r  ain  varieties  aie  self-sterile,  and  occasional  trees,  at  least,  of  a  different 

vauety  known  to  pollinate  these  should  he  planted  in  the  blocks. 

rectan«A  °!  p,anlinS  plans  are  in  use,  the  most  important  being  the 

country^  the  contour!^  b^8™1’  ‘he  a^  -  hilly 

all  over”, he  wo™/  Tn  TTV  "  ?”b*bl*  use<1  in  a  mai^‘r  of  cases, 

If  .he  distance  llZll'lo  ZVZZT'  'h  U''derS,and'  antl  *“*  *»  ^  «*• 
is  known  as  the  square  system”  Th‘  1!  ^  ^  fr°m  r°W  t0  r0W’  ^ 

£-*-»  "J  t*  - 

prefer  to  plant  the  trees  closer  together  in  the  P  '  '.t  S  .  gr<nvers>  however. 
acre,  while  leaving  more  space  between  the  rows 
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Tlie  hexagonal  system  is  also  known  as  the  equilateral  triangle,  as  the 
trees  are  planted  in  the  corners  of  equilateral  triangles.  Six  trees  thus  form  a 
hexagon,  with  another  tree  at  its  centre.  The  main  advantage  of  this  system  is 
that  by  using  it  about  15%  more  trees  can  he  planted  per  acre  at  any  given  dis¬ 
tance,  than  by  the  square  system.  Thus,  by  the  square  system,  about  109  treees 
can  be  planted  per  acre  if  the  distance  between  trees  is  20  feet,  but  by  the  hexago¬ 
nal  system  the  number  is  125.  Cultivation  may  be  carried  on  in  three  directions, 
but  the  distance  between  rows  is  not  quite  as  great,  although  the  distance  between 
trees  is.  There  is  less  ‘waste’  space  between  the  trees.  The  branches  of  a  tree 
spread  in  a  more  or  less  circular  manner,  and  the  hexagon  more  nearly  approxi¬ 
mates  the  circle  than  does  the  square.  However,  this  advantage  is  not  as  large 
as  it  appears,  for  the  roots  of  the  tree  extend  in  any  direction  in  which  they  find 
moisture  and  food.  They  enter  and  exploit  the  soil  in  the  centre  as  well  as  that 
beneath  the  branches.  Where  land  is  expensive  and  adequate  manure  and 
moisture  can  be  applied  the  advantage  of  the  hexagonal  system  is  considerable. 
Inasmuch  as  it  is  easy  to  lay  out  an  orchard  by  this  plan  and  it  has  no  real  draw¬ 
backs,  it  should  probably  be  preferred  under  most  conditions. 


Figure  i.  Diagrams  of  common  planting  plans 


The  hexagonal  system  should  not  be  confused  with  the  so-called  tnangu  ar 
system.  In  the  latter,  the  trees  are  planted  as  in  the  square  system,  except  t  lut 
those  in  the  second  row  are  midway  between,  instead  of  opposite  to,  those  in  tirt 
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first.  This  system  bears  the  same  relation  to  the  hexagonal  as  the  rectangular 
does  to  the  square.  Somewhat  fewer  trees  per  acre  may  be  planted  than  m  the 
square  system,  with  the  rows  the  same  distance  apait. 

The  quincunx  system  is  the  same  as  the  square,  with  the  addition  of  a  tree  m 
the  centre  of  each  square.  In  this  way  the  number  of  trees  is  almost  doubled 
but  the  distance  between  the  central  and  corner  trees  is  greatly  reduced.  This 
results  in  eventual  crowding,  with  no  clear  space  for  cultivation.  This  system  is 
therefore  used  mainly  where  it  is  desired  to  have  temporary  trees  along  with  the 
permanent  ones.  The  temporary  trees,  known  as  fillers,  are  planted  in  the  centres, 
and  the  permanent  trees  in  the  squares. 

All  of  the  systems  thus  far  described  involve  planting  trees  in  straight 
lines.  This  is  very  desirable,  but  is  not  always  practicable  in  hilly  country, 
especially  if  irrigation  is  necessary.  The  ground  may  be  too  steep  to  allow  irriga¬ 
tion  or  cultivation  in  straight  lines  without  undue  erosion.  Under  such  circum¬ 
stances  the  trees  may  well  be  planted  in  lines  following  the  contour  of  the  soil, 
with  only  a  slight  slope.  Irrigation  and  cultivation  are  then  practised  only  along 
the  tree  row,  not  across  it.  The  trees  will  not  be  equidistant,  and  the  number 
per  acre  will  generally  be  less  than  by  the  other  systems,  but  the  advantages  out¬ 
weigh  these  defects.  If  the  land  is  very  steep,  each  contour  may  become  a  terrace. 
This  system  of  planting  is  known  as  the  contour  system. 

Contour  planting  should  be  adopted  wherever  runoff  occurs  and  the  surface 
is  not  too  irregular  to  permit  it,  according  to  Bregger  and  Brown  (1945),  hut 
perhaps  they  were  not  thinking  of  areas  subject  to  torrential  rains,  where  there  is 
runoff  from  land  almost  level.  Bench  terraces  are  used  where  the  slope  is  greater 
than  10%,  and  detailed  instructions  are  given  by  these  authors  for  both  contour 
planting  and  terraces.  LaRue  and  Rounds  (1948)  advocate  contour  planting 
where  the  slope  exceeds  3%,  unless  sprinkler  irrigation  is  to  be  used.  On  compar¬ 
atively  steep  slopes,  terraces  are  likely  to  develop  gradually  with  cultivation 
along  the  contours,  and  while  not  as  satisfactory  as  ‘preformed’  terraces,  the  latter 
are  much  more  expensive. 

The  calculation  of  the  number  of  trees  per  acre  when  planted  by  the 
rectangular  system  is  easy.  Each  tree  occupies  a  plot  of  land  equal  to  the 
multiple  of  the  distances  from  tree  to  tree  and  row  to  row.  One  acre  contains 
43,560  square  feet.  By  dividing  this  number  by  the  number  of  square  feet  occu¬ 
pied  by  each  tree,  the  approximate  number  of  trees  per  acre  is  found.  Whether 
this  will  be  entirely  accurate  or  not  will  depend  on  the  shape  of  the  field.  If  this 
is  such  that  at  the  given  distance  there  is  some  waste  space  at  the  end  of  the  row, 
the  actual  number  of  trees  will  be  slightly  less  than  the  theoretical.  A  plot  of 
and  660  feet  by  66  feet  contains  one  acre,  and  would  theoretically  contain  69 
trees  planted  25  feet  apart.  Actually,  if  12j  feet  is  allowed  between  the  trees 
n  t  e  oundary,  theie  will  be  only  two  rows  of  26  trees  each,  or  a  total  of  52  trees. 
In  practice,  the  distance  between  trees  would  be  altered  slightly  in  such  cases,  so 

as  lo  avo.d  waste  spaces.  If  the  trees  in  this  plot  are  planted  22  feet  by  25  feet 

0  «  " 


34 


FRUIT  GROWING  IN  INDIA 


4  inches,  there  will  be  room  for  78.  In  larger  fields,  the  percentage  difference 
between  the  theoretical  number  and  the  actual  number  possible  will  be  less. 

^  ^en  trees  are  planted  by  the  hexagonal  system,  the  distance  between 
rows  is  equal  to  the  altitude  of  the  equilateral  triangle,  the  base  of  which  is  the 
distance  between  trees.  Each  tree  occupies  a  space  equivalent  to  the  distance 
between  trees  times  the  distance  between  rows.  This  means  that  the  area  lis  about 
86%  of  the  square  of  the  distance  between  trees,  and  that  the  number  of  trees  per 
acre  is  about  15%  more  than  could  be  planted  at  the  same  distance  by  the  square 
system.  The  number  of  trees  per  acre  may  also  be  found  by  dividing  50,299  by 
the  square  of  the  distance  between  trees. 

The  triangular  system  allows  the  same  number  of  trees  and  the  quincunx 
twice  the  number  of  trees,  as  the  square  system,  except  that  in  each  case  there  is 
one  less  tree  in  every  second  row,  and  in  the  quincunx  system  there  is  one  less  row. 

Spacing  of  Trees 


The  distance  to  be  allowed  between  trees  depends  on  a  balance  between 
several  factors,  and  is  a  question  on  which  there  is  much  disagreement.  Most 
authorities  agree  that  most  orchards  in  India  are  actually  planted  too  closely  for 
the  best  results,  but  they  frequently  disagree  as  to  the  space  that  should  be  allowed. 

The  maximum  development  of  the  individual  tree  requires  that  it  be  planted 
where  it  will  come  into  competition  with  no  other  tree.  The  roots  of  the  trees 
extend  much  further  than  do  the  branches,  several  times  as  far  under  certain 
conditions.  To  avoid  all  competition,  therefore,  would  require  such  wide  spacing 
that  it  is  obvious  that  the  yield  per  acre  would  be  greatly  reduced.  Only  in  very 
exceptional  cases  would  this  be  justifiable.  Ordinarily  it  is  more  profitable  to 
plant  the  trees  closer  together  and  supply  the  needed  water  and  food  materials. 

If  the  trees  are  too  close  together,  however,  no  amount  of  irrigation  and 
manuring  will  produce  as  good  crops  as  are  borne  by  properly  spaced  trees.  On 
the  other  hand,  the  closer  the  trees  are  planted,  the  more  there  are  per  acre. 
The  maximum  yield  per  acre  will  be  had  by  placing  the  trees  somewhat  closer,  in 
most  cases,  than  the  distance  at  which  the  maximum  yield  per  tree  is  found. 

Most  growers  seem  to  space  their  trees  with  a  mental  picture  of  the  tree  as 
it  will  be  in  the  first  few  years  in  which  it  bears,  rather  than  as  a  mature  tree. 
The  great  bulk  of  the  fruit  borne  in  the  lifetime  of  an  orchard  will  be  borne  after 
the  tree  attains  nearly  its  full  size.  Close  planting  results  in  a  greater  yield  per 
acre  during  the  early  life  of  the  tree,  but  less  in  the  more  important  later  years. 
The  use  of  fillers  avoids  the  early  loss  from  adequate  spacing. 

Many  Indian  orchards  are  planted  so  closely  that  long  before  the  trees  reach 
maturity  they  interfere  with  each  other.  This  causes  them  to  grow  tall  increasing 
the  difficulty  of  pruning,  spraying,  guarding  the  fruit,  harvesting  and  other  cultural 
operations.  The  trees  shade  each  other,  resulting  in  little  fruit  being  borne  on 
the  lower  branches.  Cultivation  between  the  trees  becomes  very  difficult, 
many  cases  the  lower  branches  which  secure  insufficient  light,  die, 
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No  definite  rule  can  be  laid  down  which  will  apply  in  all  cases.  In  general, 
sufficient  space  should  be  allowed  so  that  the  branches  will  barely  touch  when  the 
trees  are  mature.  Under  favourable  conditions  trees  grow  larger  and  therefore 
need  more  space.  The  size  also  depends  somewhat  on  the  variety  of  both  the 
scion  and  the  stock.  Under  certain  conditions,  with  some  fruits,  the  orchardist 
may  be  justified  in  planting  his  trees  rather  close  together  and  then  keeping  the 
branches  from  interfering  by  severe  pruning.  It  should  be  remembered,  however, 
that  the  roots  will  still  be  in  competition. 

As  a  basis  of  judgment,  it  may  be  said  that  such  trees  as  the  papaya  may  be 
planted  10  feet  apart,  the  grafted  guava  25  and  the  grafted  mango  40  to  60. 

It  is  customary  to  lay  out,  the  orchard  by  first  placing  pegs  where  the  trees 
are  to  be.  The  first  row  is  located,  ordinarily  parallel  to  the  edge  of  the  field 
and  half  as  far  from  it  as  the  distance  between  trees.  Pegs  are  placed  the  desired 
distance  apart  along  this  line,  beginning  at  half  the  distance  from  the  edge  of  the 
field.  In  all  systems  except  the  hexagonal,  it  is  desirable  to  lay  out  lines  at  either 
end  of  the  field,  perpendicular  to  the  base  line,  and  on  these  also  place  pegs  at  the 
required  distances.  The  next  step  may  be  taken  in  different  ways.  For  accurate 
woik  it  is  well  to  have  a  wire  the  length  of  the  field,  with  markers  soldered  on 
at  the  required  distance.  This  is  stretched  between  each  pair  of  pegs,  and  other 
pegs  driven  in  at  the  markers.  By  placing  tall  stakes  at  the  marks  on  the  four 
edges  of  ihe  field,  the  other  pegs  can  be  fixed  by  sighting  across  both  ways.  Fields 
are  also  marked  in  some  cases  by  ploughing  furrows  between  such  stakes,  setting 
the  trees  where  the  furrows  cross.  This  is  not  accurate,  and  can  only  he  used  in 
case  the  animals  have  been  trained  to  walk  in  a  straight  line. 


In  laying  out  a  field  by  the  hexagonal  system,  two  chains  should  be  used, 
each  the  length  of  the  distance  between  trees.  Both  chains  are  fastened  at  one  end 
to  a  common  ring,  and  each  has  a  ring  at  the  other  end.  The  rings  are  just  large 
enough  to  slip  easily  over  the  pegs  used  to  mark  the  places  where  the  trees  are  to 
be.  After  laying  out  the  first  row,  the  two  free  rings  are  placed  over  adjacent 

rbfe’  an^lhe.cha,ns  ara  drawn  taul  a  Peg  driven  through  the  common 
ring.  This  is  repeated  unt.l  the  entire  field  is  laid  out.  One  man  with  two 

helpers  forms  an  efficient  team  for  this  work.  It  is  well  to  test  the  accuracy  of 
the  work  by  occasions  ly  sighting  along  the  lines  in  three  directions,  to  see  that 
ey  are  stiaight.  Where  the  spacing  is  not  more  than  about  20  feet  two 
bamboos  of  the  required  length  may  be  used  instead  of  the  chains 

In  digging  the  hole  for  the  tree,  it  is  obviously  necessary  to  remove  the 
peg.  When  the  tree  is  placed  in  the  hole  it  mnv  f  , 

was.  If  care  is  taken  in  digging  the  hole,  outlining  the  circumference  before  re. 
moving  trie  peg,  this  inaccuracy  may  be  kept  within  f  •  .  ... 

narily  satisfactory.  For  more  accurate  work  however  a  nl'",  t  '  *  ^ 
used.  This  is  a  plank  eight  inches  to  a  foot  wide  and  fo  P  antlng  boaJd  ™y  be 
the  centre  a  notch  is  cut  in  one  side  and  Zl  t  *eet  lonS*  At 

end,  equidistant  from  the  central  notch.  This  planting  bo'a  l"  “a  "ear  eaCh 

central  notch  against  the  peg,  and  other  pegs  are  driven  in  the  end  notchls  Ue 
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board  is  lemoved  and  the  hole  dug.  W  hen  the  tree  is  planted,  the  board  is  re¬ 
placed,  and  the  tree  is  so  placed  that  it  comes  in  the  central  notch,  exactly  where 
the  original  peg  had  been. 

Digging  The  Hole 

Regarding  the  digging  of  the  hole  in  which  the  tree  ig  to  be  planted,  there 
is  much  difference  of  opinion.  The  amateur  often  makes  the  mistake  of  planting 
in  holes  barely  large  enough  to  receive  the  roots.  There  is  more  danger  of  this 
being  done  when  the  tree  is  dug  with  bare  roots  than  when  they  are  halted.  The 
hole  should  be  large  enough  to  allow  the  roots  to  extend  naturally,  or  at  least  not 
to  be  twisted  around  each  other.  There  should  also  be  ample  room  to  work,  so  that 
soil  may  be  filled  in  around  the  roots,  leaving  no  air  pockets. 

On  the  other  hand,  the  digging  of  very  large  holes  is  very  commonly  advo¬ 
cated  in  this  country,  and  sometimes  in  other  countries  also.  Firminger’s 
Manual  (Burns,  1930)  recommends  a  hole  three  feet  each  way  for  fruit  trees, 
while  others  have  frequently  preferred  four-  or  even  five-foot  holes.  Such  recom¬ 
mendations,  however,  seem  to  rest  on  a  fallacy  and  an  undesirable  assumption. 
They  assume  that  the  soil  of  the  field  is  too  poor  and  hard  to  form  a  good  medium 
for  root  development.  They  therefore  conceive  of  the  hole  as  a  sort  of  pot  in 
which  to  grow  the  tree.  If  this  is  the  case,  and  unfortunately  it  sometimes  is,  then 
the  larger  the  hole,  the  better  the  growth  of  the  tree.  But  it  is  questionable 
whether  it  is  ever  economical  to  plant  trees  in  such  poor  soil.  Certainly,  in  most 
cases  it  will  be*  advantageous  to  bring  the  whole  field  into  good  condition  before 
planting  the  trees.  It  was  a  wise  gardener  who,  when  asked  how  large  the  hole  in 
which  to  plant  a  fruit  tree  should  be,  answered,  ‘As  large  as  the  field.’ 

Where  the  soil  is  in  fairly  good  condition,  the  digging  of  very  large  holes 
is  not  only  an  expensive  and  unnecessary  operation,  but  it  may  actually  interfere 
with  the  subsequent  growth  of  the  trees.  Chandler  (1925)  mentions  a  number  of 
experiments  in  England  and  America  ^with  deep  holes,  or  deep  trenching  which 
indicate  that  these  methods  are  of  no  advantage,  and  in  some  cases  seem  to  have 
reduced  the  yield.  In  arid  regions  dynamite  is  sometimes  used  to  break  up  an 
impervious  layer  near  the  surface,  and  under  such  conditions  may  be  beneficial. 

An  exceptional  case,  in  which  the  digging  of  very  large  holes  was  justified, 
is  reported  by  Hinrichs  and  Cross  (1943).  Peach  trees  growing  in  loose  topsoil 
over  compact  subsoil  frequently  blew  over  because  of  the  shallow  nature  of  their 
root  system.  Planting  trees  in  holes  five  feet  in  diameter  and  four  feet  deep, 
filled  with  topsoil,  resulted  in  a  more  fibrous  root  system,  penetrating  further, 
and  giving  better  anchorage.  In  the  first  year  the  roots  reached  a  depth  of  seven 
and  a  half  feet  and  spread  six  feet,  while  trees  planted  in  small  holes  had  roots 
limited  largely  to  the  top  two  feet.  The  trunk  and  shoot  growth  were  correspond¬ 
ingly  larger.  Dynamiting  produced  some  improvement,  but  less  than  that  from 

large  holes. 

In  spite  of  strong  recommendations  that  holes  be  dug  weeks  or  mont  s 
before  the  trees  are  to  be  planted,  this  is  probably  a  matter  of  very  little  import- 
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ance.  The  advantages  are  said  to  be  the  weathering  of  the  exposed  soil  and  the 
aeration  of  the  soil  around  the  hole.  The  effect  of  weathering  is  negligible  and 
may  involve  the  loss  of  nitrogen  and  organic  matter  from  the  soil.  Some  growers 
are  convinced  that  if  a  hole  is  left  for  some  time,  a  hard  surface  is  formed,  and  that 
before  planting,  the  walls  of  the  hole  should  be  scraped.  On  the  whole,  the  best 
time  to  dig  the  holes  is  when  it  is  most  convenient  and  economical. 

A  similar  question,  on  which  there  is  difference  of  opinion,  is  as  to  the  de¬ 
sirability  of  adding  manure  to  the  hole  at  the  time  of  planting.  Especially  in  poor 
soil,  the  use  of  well-rotted  manure  makes  for  more  vigorous  early  growth.  If  the 
soil  is  rich,  this  is  not  necessary.  Only  a  moderate  amount  should  be  used  in  any 
case,  and  it  should  be  well  mixed  with  the  soil.  In  no  case  should  fresh  manure 
be  allowed  to  come  near  the  roots.  The  use  of  other  fertilizers  such  as  bone  meal 
and  ashes,  is  sometimes  advocated.  The  need  for  applying  such  fertilizers  will  be 
discussed  in  a  later  chapter.  Suffice  it  to  say  here  that  there  seems  to  be  no 
justification  for  making  it  a  rule  to  apply  these. 

In  the  nursery,  trees  are  sometimes  kept  in  pots  until  they  are  planted  in 
their  permanent  positions,  or  sold.  This  is  ordinarily  a  bad  practice,  for  while 
it  is  very  easy  to  handle  such  trees,  they  are  almost  sure  to  become  root-bound. 
The  roots  reach  the  wall  of  the  pot,  and  grow  along  it.  This  results  in  a  mass 
of  matted  roots,  which  never  develop  properly.  Such  trees  are  likely  to  remain 
stunted  throughout  their  life. 

It  is  therefore  better  to  plant  the  trees  out  in  the  nursery,  although  this 
inevitably  results  in  some  of  the  roots  being  cut  when  the  plant  is  dug.  If  the 
nursery  trees  are  transplanted  about  twice  a  year,  both  before  and  after  graftage, 
the  roots  do  not  penetrate  as  deeply  or  widely  as  they  do  when  left  undisturbed, 
and  there  is  less  shock  when  they  are  finally  removed. 


Transplanting 

In  digging  trees  in  the  nursery,  it  is  convenient  to  dig  a  trench  along  each 
side  of  the  row,  with  a  spade  or  a  pharucu  This  should  be  about  four  inches  from 
the  row,  and  about  a  foot  deep.  The  plants  may  then  be  easily  removed  with  a 
ball  of  earth  around  the  roots,  the  khurpi  being  an  excellent  tool  for  this  operation. 
The  size  and  shape  of  the  ball  will  depend  on  the  size  of  the  plant,  the  nature  of 
its  root  system,  and  the  distance  it  is  to  be  moved.  The  larger  the  plant  is  the 
arger  the  ball  of  earth  should  be.  If,  however,  the  plant  is  to  be  shipped  some 
distance,  it  will  be  wise  to  decrease  the  size  of  the  ball,  and  prune  the  top  more 
leavily.  The  shape  of  the  ball  depends  on  whether  the  plant  has  a  tap  root  or 
several  spreading  roots.  For  an  ordinary  tree  with  roots  two  or  three  years  old, 
a  ball  of  earth  6  to  8  inches  in  diameter  ajid  8  to  10  inches  deep  is  sufficient. 

f  L  treeS  are  Handl<;d  Whh  barC  r°0tS’  the  soil  is  loose"ed  with  a  spade  or 

fork,  and  the  trees  are  gently  pulled  out.  Care  should  then  be  taken  to  prevent 

the  smaller  roots  from  drying  on,,  though  no  harm  is  done  if  the  fibrous  roots 

become  dry,  or  are  broken  off  entirely.  The  roots  are  sometimes  coated  with day. 
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by  dippbg  them  in  a  heavy  suspension,  in  order  to  prevent  them  from  drying  out. 

be  Hacked*8  ^  °  '  S  ‘Ppe  ’  °r  kepl  time  befor«  planting,  the  roots  should 
i>e  packed  in  moist  moss  or  other  material. 


seemto^Tf,!"  ,hek‘re“  °f  ,00lSis  °ften  advocated-  b“‘  experiments 

,  M  U  h‘S  nb,,eCt  HaS  bee"  over'emPbasize<l-  It  is  said  that  all  broken 
roots  should  be  cut  off  leaving  a  clean  cut,  and  it  is  sometimes  added  that  this 

should  be  flat  against  the  ground.  Chandler  (1925)  has  pointed  out  that  from 
Various  experiments  it  is  evident  that  there  is  no  advantage  in  pruning  the  roots 
unless  they  are  twisted  around  each  other.  In  the  latter  case  they  should  be  sepa¬ 
rated,  or  one  root  should  be  removed.  Nor  does  there  seem  to  be  any  serious 
harm  from  the  bending  and  bruising  of  roots. 

Whenever  trees  are  transplanted,  whether  with  balled  or  bare  roots,  parts 
of  the  roots  are  left  in  the  soil,  and  those  which  are  not  left  are  somewhat  dis¬ 


turbed.  This  means  that  the  amount  of  moisture  which  the  tree  can  absorb  is 
considerably  reduced.  Under  normal  conditions  the  amount  of  moisture  absorbed 
and  the  amount  transpired  through  the  leaves  is  equal;  when  transpiration  is 
greater  than  absorption,  the  plant  wilts.  When  absorption  is  decreased,  the  amount 


of  transpiration  is  also  decreased  to  a  certain  extent,  in  an  attempt  to  restore  the 
balance.  But  when  the  reduction  is  as  great  as  it  is  when  a  tree  is  transplanted, 
this  balance  can  be  maintained  only  by  reducing  the  number  of  leaves.  Even 
then  temporary  wilting  generally  occurs.  Tender  shoots  are  likely  to  be  killed. 
It  is  therefore  customary  to  reduce  transpiration  by  pruning  the  tops  of  the  trees. 

The  severity  of  the  pruning  at  the  time  of  transplanting  depends  on  the 
species,  on  the  condition  of  the  plant,  and  on  the  extent  of  the  disturbance  to  the 
root  system.  When  evergreen  trees  are  moved  with  bare  roots,  it  is  customary  to 
remove  all  or  practically  all  of  the  leaves,  and  often  all  branches,  leaving  only 
one  bare  stem.  When  the  roots  are  balled,  such  severe  pruning  is  not  customary. 
Experience  affords  a  basis  for  estimating  the  amount  of  pruning  necessary.  Only 
enough  pruning  should  be  done  to  prevent  wilting  which  lasts  more  than  a 
couple  of  days.  The  more  leaves  remain  on  the  tree  in  good  condition,  the 
sooner  growth  will  start.  In  pruning  at  the  time  of  transplanting,  the  shaping 
of  the  tree  should  also  be  kept  in  mind.  This  is  dealt  with  in  Chapter  7.  The 
pruning  may  be  done  just  before  or  just  after  transplanting,  but  it  is  ordinarily' 
more  convenient  to  prune  first. 


Evergreen  trees,  including  most  of  the  common  fruits  of  the  plains,  should 
be  planted  out  as  soon  after  digging  from  the  nursery  as  possible.  In  transplant¬ 
ing  deciduous  trees  while  they  are  dormant,  there  is,  of  course,  no  harm  in  delay. 

The  trees  should  be  planted  approximately  where  the  original  pegs  were 
placed.  If  a  planting  board  has  been  used  in  digging  the  holes,  this  should  be 
replaced  at  the  time  of  planting,  and  the  tree  so  placed  as  to  come  in  the  central 
notch.  It  should  be  held  with  the  trunk  erect,  or  leaning  slightly  toward  thq 
south  or  toward  the  prevailing  wind.  One  of  the  most  common  mistakes  is  that 
of  planting  the  tree  too  deep.  Gardeners  often  leave  the  trees  in  holes  or  depressions, 
which  makes  irrigation  easy.  It  also  causes  water  to  collect  around  the  tree 
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during  the  rainy  season.  This  damages  the  tree,  and  frequently  causes  death. 
It  is  also  harmful  to  plant  the  trees  deeper  than  they  were  in  the  nursery,  in  most 
cases.  Some  plants  may  be  put  an  inch  or  two  deeper,  while  a  few  may  be 
planted  much  deeper.  These  are  those  which  easily  put  out  new  roots  from  the 
stem.  On  the  other  hand,  the  roots  should  not  be  left  uncovered.  However, 
it  is  frequently  good  practice  to  plant  the  trees  slightly  higher  than  the  level  of 
the  field,  and  leave  a  slight  mound  of  earth  around  each  tree. 

If  the  hole  has  been  dug  deeper  than  is  necessary,  part  of  the  earth  may 
be  returned,  and  pressed  down  firmly.  The  tree  is  then  held  in  position,  and 
the  earth  filled  in  around  it.  More  care  is  necessary  in  the  case  of  trees  with 
bare  roots,  to  make  sure  that  the  roots  are  well  spaced,  and  that  no  air  pockets 
are  left.  As  the  earth  is  filled  in,  it  is  tamped  down  firmly,  but  not  in  such  a 
way  as  to  make  it  very  hard.  If  it  is  not  tamped,  or  only  the  top  layer  is  tamped, 
it  is  likely  to  settle  when  the  tree  is  watered,  and  leave  the  tree  slanting  and  in  a 
depression.  It  is  generally  considered  desirable  to  replace  the  top  soil  first,  using 
the  subsoil  as  a  top  layer. 

As  soon  as  the  tree  is  planted,  it  should  be  irrigated  sufficiently  to  wet  all 
of  the  soil  which  was  removed  in  digging.  This  consolidates  the  soil  and  helps 
the  roots  to  establish  contact  with  it,  and  to  secure  a  supply  of  water  quickly.  A 
small  basin  may  be  made  around  the  tree  for  this  purpose,  but  if  planting  takes 
place  during  the  rains  this  basin  should  be  demolished  within  a  day  or  two,  so 
that  water  will  not  collect  around  the  tree.  This  is  more  dangerous  on  heavy 
than  on  light  soils. 

Some  young  trees  are  subject  to  considerable  injury  from  sunburn,  partic¬ 
ularly  if  they  have  been  trained  to  a  single  stem,  with  no  branches  for  18  inches 
or  more  from  the  ground.  Such  trunks  can  be  protected  by  wrapping  them  with 
paper  or  other  material,  or  by  painting  them  with  whitewash.  The  latter  is 

probably  best,  as  most  materials  wrapped  around  the  trunks  would  be  subject  to 
termite  attack. 


Chapter  v. 

ORCHARD  SOIL  MANAGEMENT 

The  importance  of  choosing  a  good  soil  was  stressed  in  an  earlier  chapter. 
It  ts  equally  tmportant  that  the  soil  be  intelligently  managed,  in  order  that  it  be 
maintained  in  a  cond.t.on  suitable  to  the  needs  of  the  tree,  without  undue  expense. 

nutrienntVclnetemUe9tThnS  d^  aT^!  COndiU°n  °f  the  SOi'  and  i,s  moisture  and 
and  manuring.  '  686  ^  6  7  0"  lhe  PraCtices  °f  cul,iralioih  irrigation, 

rditir:rti:rrSs7i^rui  but  - 

Europe  and  America,  trees  are  often  grown  under  sod  “  ’  ”T  'T™  °f 

natural  grass  is  allowed  to  grow  beneath  and  k  .  d'  ,°raSS  *S  P  an,ed’  or  the 

not  stirred  in  any  way  The  eras*  a  r  "  *he  treeS’  and  the  soil  is 

y  way.  The  grass  ts  mowed  from  time  to  time,  and  preferably 
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e  t  °n  the  ground.  This  practice  is  contrasted  with  the  method  known  as  ‘clean 
cultivation  ,  which  is  increasingly  popular,  and  in  which  the  soil  is  cultivated,  and 
ihe  growth  of  weeds  prevented  at  least  part  of  the  year.  A  cover  crop,  or  green 
manure  may  be  grown  during  part  of  the  year. 

The  effects  of  sod  are  imperfectly  understood,  but  seem  to  he  mainly  a 
reduction  in  soil  moisture,  and  in  available  nitrogen.  It  is  known  that  grass  and 
other  vegetation  draws  much  water  from  the  soil  and  gives  it  off  into  the  atmos¬ 
phere  in  the  process  of  transpiration.  Careful  measurements  have  shown  that 
the  amount  of  moisture  in  the  soil  under  sod  is  much  less  than  in  soil  of  a  similar 
nature  where  clean  cultivation  is  practised,  unless  large  amounts  are  added  by 
rain  or  irrigation.  It  has  also  been  shown  that  the  amount  of  available  nitrogen 

is  also  decreased.  This  decrease  can  be  explained  only  in  part  by  the  amount 

used  by  the  vegetation..  It  is  known  that  the  addition  of  non-nitrogenous 
organic  matter,  such  as  wheat  straw,  reduces  the  amount  of  available  nitrogen, 
perhaps  by  encouraging  the  growth  of  bacteria  which  use  nitrate  as  a  source  of 
nitrogen.  Chandler  (1925)  suggests  that  the  reduction  of  available  nitrogen 
under  sod  may  be  due  to  the  activities  of  bacteria  which  are  encouraged  by  the 
organic  matter  secreted  by  the  roots.  It  has  also  been  suggested  by  Pickering 
(1911)  that  part  of  the  observed  injury  to  trees  under  sod  is  caused  by  a  toxic 
material  secreted  by  the  grass  roots. 

Under  conditions  of  ample  rainfall  it  may  be  possible  to  get  good  crops  by 
applying  nitrogen  to  the  soil,  and  this  may  be  less  expensive  than  clean  cultiva¬ 
tion.  While  the  amount  of  fruit  is  likely  to  be  somewhat  reduced,  and  the 

growth  of  the  trees  somewhat  less,  this  may  be  more  than  made  up  by  the  de¬ 

creased  expenditure.  With  such  trees  as  the  apple,  better  colour  is  often  secured 
by  the  use  of  sod,  as  the  vigorous  vegetative  growth  under  clean  cultivation  shades 
the  fruit  and  prevents  bright  coloration.  There  is  also  a  great  advantage  in 
having  sod  in  hilly  country,  as  it  prevents  erosion. 

Need  of  Cultivation 

On  the  plains  of  India  sod  should  never  be  used  in  the  orchard.  Both  water 
and  available  nitrogen  are  scarce  during  much  of  the  year.  Experiments  at  Pusa 
have  indicated  very  clearly  the  desirability  of  clean  culture.  Early  in  this  century 
limited  experiments  were  reported  by  Howard  (1906,  1910)  which  showed  that 
sod  was  definitely  injurious,  and  that  lack  of  cultivation  caused  poor  growth  as 
compared  with  clean  cultivation.  Further  work  was  reported  by  Howard  in  1925. 
In  an  experimental  plot  of  24  trees  each  of  eight  species  of  fruit  trees,  a  strip 
containing  nine  trees  of  each  kind  was  sodded  with  dub  grass.  The  effect  on 
young  trees  was  striking.  Those  of  custard  apple  were  all  dead  in  two  years, 
whereas  loquats  lived  five  years,  plums  seven  and  limes  eight.  Guavas  proved 
most  resistant,  but  at  the  time  of  the  report  they  were  only  half  as  tall  as  those 
under  clean  cultivation. 

Mature  trees  did  not  suffer  to  the  same  extent,  but  in  no  case  did  they 
make  as  good  growth  as  similar  trees  under  clean  cultivation.  The  order  of 
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susceptibility  was  the  same  as  with  the  young  trees.  Accidental  aeration  by  rat 
holes  seemed  to  be  of  marked  benefit  to  certain  trees,  and  it  was  found  that 
trenches  dug  between  the  rows  also  decreased  the  damage.  This  indicates  that 
at  least  part  of  the  effect  of  the  grass  was  due  to  changes  in  the  soil  atmosphere. 
It  was  suggested  by  Howard  that  the  damage  may  have  been  caused  by  an  excess 
of  carbon  dioxide  in  the  soil. 

It  seems  clear  that  under  most  Indian  conditions,  sod  in  the  orchard  is 
harmful.  The  question  remains  as  to  how  much  cultivation  is  needed,  the  best 
time  for  it,  and  the  best  methods.  These  questions  can  be  answered  intelligently 
only  after  a  consideration  of  the  purposes  of  cultivation  in  the  orchard. 

Many  advantages  of  cultivation  have  been  suggested.  Undoubtedly  the 
most  important,  under  most  conditions,  is  the  killing  of  weeds.  It  has  been 
seen  that  vegetation  removes  large  quantities  of  moisture  from  the  soil  and  also 
ties  up  nitrogen  so  that  it  is  not  available  to  the  trees  at  the  time,  though  it  may 
be  returned  later  when  the  weeds  die.  Weeds  also  harbour  insect  pests  and 
diseases.  When  they  become  large  they  interfere  with  other  orchard  operations 

damage"*  ^  'h*™  C'imb  ^  °n  ““  aIK'  by  ahadin&  ",e  leavee  cause  great 

Hard  so  |lliValir  TT17  l°  keeP  lhe  Efface  soil  from  becoming  hard 

*hardd  :®real  y  ‘°  ‘he  dllHcul‘y  of  irrigation,  tit  is  frequently  safd  that 

does  T.  sXer„ T  sTl  h  l'  T’d  “T"0'3'  ™S  18  ^  bul  ordi“ry  cultivation 

anTwatTr^iriTldt  °l  ^  "*•“  preVen>  lhc  Penetra.LTboth  rooT 
managed  as  to  prevent  Ma^r ‘^/er  ^  P'aMed’  “d 

organic  matter  are  covered  and  mixed  with  the  c  1  u  ’  grCen  and  other 

their  value  is  thus  conserved  A  u-  l  1  V  y  means  of  cultivation,  and 

soon  absorbs  more  water  at  least  in  he  at  Cultivated  b^<”*e  the  mon- 

xxjtj-  -  - 

15  proDaDiy  not  very  great. 

mulch  was  important  as  a  mTa'L'tf  preveT0"  l""*1  **  maintenance  of  a  soil 

is  true  that  cultivated  soil  dries  out  much  8  ,'he  evaPoration  of  moisture.  It 

only  if  there  are  weeds  growine  i„  ,h  "“"’i  *  °Wly  tha"  uncultivated  soil,  but 
shown  Hiaf  •  ^  Vln§  .  ln  die  uncultivated  fipM  it 

noun  that  moisture  rises  rise.,  to  the  surface  h  ,,  '  ■  ®xPerlments  have 

tsble  is  very  close  to  the  surface  action  #  ‘he  water 

surface  of  the  Soil,  very  little  water  is  losTw' ^  without  disturbing .  the 

a"d  maintained,  evaporation  mnv  he  i  l  $  *  mulch,  is  created 

any  case  is  hot  significant  in  an  orchard  w"*  the  • amount  Tost ‘in 

experiment  at  Rofjtak  where  the  surface  wa  S‘"8  ^  N,lihawan  0944)  report 
fi  was  a  medium  loam  and  the  sutwji! 
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silty  clay.  A  soil  mulch  conserved  moisture,  in  comparison  with  the  removal 
of  weeds  without  mulching,  significantly  only  in  the  first  foot,  and  mainly  in  the 
first  six  inches.  The  difference  remained  for  two  or  three  months.  In  the  check 
plot  where  the  weeds  were  allowed  to  grow,  there  was  a  great  loss  of  moisture 
from  the  top  six  leet.  The  important  point  is  to  prevent  the  growth  of  weeds, 
and  this  can  ordinarily  be  done  most  efficiently  by  cultivation. 


Since  1938,  a  programme  of  non-cultivation  and  the  killing  of  weeds  by 
spraying  has  been  tried  by  a  number  of  growers  of  citrus  fruits  in  California, 
where  the  rainfall  is  less  than  in  most  parts  of  India,  and  water  conservation  is 
important.  Moore  (1946)  points  out  some  of  the  advantages  which  have  led  to 
the  spread  of  this  programme  to  several  thousand  acres.  He  states  that  cultivation 
sole  is  largely  eliminated,  leading  to  better  water  penetration;  that  most  cultural 
and  harvesting  operations  are  made  more  easy;  and  that  costs  are  reduced,  after 
the  first  year  or  two.  In  comparison  with  a  cost  of  $15  to  $20  an  acre  for 
conventional  tillage  and  furrowing,  the  average  cost  for  weed  control  under  non¬ 
cultivation  was  about  $25  the  first  year,  but  fell  as  to  low  as  $5  by  the  fifth  year. 
Kimball  and  others  (1950)  report  that  by  1950  about  60,000  acres,  or  one  fifth 
of  the  citrus  acreage  of  California  was  under  non-tillage  and  that  the  practice  was 
extending  to  avocadoes  and  deciduous  fruits.  A  preliminary  study  was  made  of 
a  Valencia  orange  orchard  planted  in  1929,  which  was  given  somewhat  less  than 
the  usual  amount  of  tillage  until  1941,  when  tillage  was  discontinued  in  part.  By 
1945  furrow  irrigation  was  no  longer  satisfactory  in  this  part  because  of  more 
rapid  water  penetration,  and  from  that  year  sprinklers  were  used.  Studies  made 
in  1948  to  1950  showed  that  in  comparison  with  the  part  of  the  orchard  which 
was  still  tilled,  there  were  twice  the  weight  of  feeder  roots  in  the  first  five  feet  of 
untilled  soil,  with  a  higher  percentage  in  the  upper  levels,  but  more  at  all  levels. 
Because  of  the  larger  number  of  feeder  roots  the  soil  dried  out  more  rapidly  and 
more  irrigations  were  needed  each  season.  There  was  slightly  more  organic 
matter  in  the  top  six  inches,  and  a  correspondingly  lower  pH  value.  The  water 
penetration  was  much  more  rapid.  Trees  in  this  section  bore  larger  crops 
(partly  because  the  branches  were  allowed  to  grow  to  the  ground)  of  larger  fruit 
containing  juice  with  more  soluble  solids  and  slightly  less  acid,  indicating  ear  ler 
maturity.  In  other  experiments,  Lombard  (1950B)  found  that  the  amount  of 
nitrate  nitrogen  in  the  soil  which  was  not  tilled  was  very  much  greater  than  m 
similar  cultivated  soil  given  the  same  amount  or  more  nitrogen  as  fertilizer, 
suggests  that  the  difference  may  be  explaind  by  the  tying  up  of  t  ie  m  ‘ 
cover  crops  and  the  destruction  of  nitrogen-fixing  bacteria  by  cultivation.  It  .1 
possible  that  after  further  trial  harmful  results  may  appear. 

Weeds  are  killed  mainly  by  the  use  of  oil  sprays,  and  until  oil,  or  some  other 
satisfactory  herbicide  is  cheaply  available  in  India,  the  method  will  proba  y  no 
be  practicable  here.  But  the  fact  that  orchards  tend  to  be  in  better  condition  a 
yield  more  fruit  after  years  without  cultivation  at  least  raises  questions  about  the 
values  attributed  to  cultivation,  and  the  necessity  for  maintaining  the  humus  » 

the  soil, 
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The  use  of  a  green  manure  or  cove*'  crop  is  common  in  many  parts  of  the 
world,  and  is  sometimes  found  in  India.  Quite  frequently  weeds  are  allowed  to 
grow  during  the  rainy  season.  This  has  the  double  advantage  of  adding  organic 
matter  to  the  soil  and  preventing  erosion.  If  clean  cultivation  is  attempted 
during  the  rains,  considerable  erosion  is  almost  sure  to  occur.  It  is  probably 
best  to  plant  a  green  manure  crop  between  the  trees  early  in  the  rains,  and  plough 
it  into  the  soil  toward  the  end.  It  is  generally  wise  to  use  a  leguminous  green 
manure,  although  Batchelor  (1948,  B)  states  that  nitrogen  fixation  by  bacteria 
associated  with  legumes  may  be  negligible  when  the  nitrate  in  the  soil  is  as 
plentiful  as  it  should  be  in  a  mature  citrus  orchard.  If  a  non-legume  will  pro¬ 
vide  a  large  amount  of  organic  matter,  it  may  be  preferable.  In  India,  how¬ 
ever,  there  are  a  number  of  legumes  which  are  satisfactory.  Sunn  hemp  is 
commonly  used,  but  if  it  is  allowed  to  grow  throughout  the  rains,  it  is  likely  to 
become  woody  and  be  slow  in  rotting,  whereas  if  it  is  ploughed  under  earlier, 
erosion  may  result.  It  can,  however,  be  knocked  down  at  the  right  stage  and 
ploughed  in  later.  Or  some  less  woody  legume  may  be  grown,  such  as  the 
cowpea. 

Whether  green  manure  is  used  or  not,  it  is  desirable  that  the  orchard  be 
ploughed  at  least  once  during  the  year,  with  a  soil  inverting  plough.  The  depth 
need  not  be  very  great,  and  with  many  trees  should  not  be  greater  than  is  necessary 
to  turn  under  the  green  manure  or  weeds.  It  is,  of  course,  possible  to  remove 
the  weeds  and  grass  before  ploughing,  using  them  as  fodder,  but  this  robs  the 
soil  of  a  valuable  manure,  and  is  not  ordinarily  a  desirable  practice.  Because 
of  the  trees,  it  is  impossible  to  plough  all  of  the  land  in  one  direction.  A  second 
ploughing  in  another  direction  is  therefore  necessary,  but  this  should  be  delayed 
until  the  vegetation  turned  under  by  the  first  ploughing  has  decayed.  In  a  very 
young  orchard,  the  strip  left  unploughed  may  be  so  narrow  that  it  is  more  econom¬ 
ical  to  have  it  dug  by  hand  in  place  of  the  second  ploughing.  In  small  gardens 
all  ploughing  may  be  replaced  by  digging  with  a  pharua ,  but  where  a  plough 
can  be  used  this  will  ordinarily  be  more  satisfactory. 

In  large  orchards,  where  tractors  are  used  for  power,  ploughing  may  be 
replaced  by  the  use  of  a  heavy  disc  harrow.  This  is  not  practicable  where  oxen 


The  soil  may  also  be  ploughed  at  other  times  of  the  year  if  manure  is 
applied,  or  if  the  weeds  become  so  large  or  numerous  that  they  cannot  otherwise 

the  17 TTf  y  77  0rdlnanl>'’  however,  it  will  be  more  economical  to  kill 
the  weeds  before  they  become  large,  by  means  of  a  harrow  or  cultivator  In  the 

tTcHZte  r  7be  keP‘  7  ‘he  season  i,  may  be'deslrable 

less  SuenJ  ^  mor<-  ™-'  '»  -titivate 

wet,  theThp\ZVLn<Iuioani0is  LlTbeTZ"'!;  "  7  7  ?  W°'kea  Whi’e 
formed.  Frequent  cultivation “JSl?  °f'en  bein« 
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serious  on  heavy  than  on  light  soil.  . 
should  be  practised  when  the  soil  is  as 
in  large  clods. 


However,  as  a  general  rule,  cultivation 
4ry  as  possible  without  having  it  turn  up 


3  , 

Intercropping 


In  young  orchards,  the  question  of  the  use  of  the  soil  between  the  trees 
arises.  If  the  trees  are  properly  spaced,  there  is  considerable  land  which  will  not 
be  used  by  the  permanent  trees  for  several  years.  It  naturally  appeals  to  the 
grower  to  get  some  return  from  this  land,  especially  when  he  is  getting  no  return 
from  his  young  trees;  ^Merely  to  neglect  this  land  means  its  deterioration  and 
the  growth  of  weed  seed  which  will  infect  the  area  around  the  trees  end  also  ad¬ 
joining  fields.  If  the  land  must  he  cultivated  in  any  case,  to  control  w'eeds,  why 
should  not  the  grower  secure  some  return  for  his  labour?  Nevertheless,  some 
.authorities  are  opposed  to  the  planting  of  any  crop  between  the  permanent  trees, 
feeling  that  the  temporary  gain  is  likely  to  be  more  than  off-set  by  permanent 
damage  to  the  trees,  rjf  damage  to  the  trees  were  inevitable,  there  would  be  much 
to  say  for  this  point  of  view.  Carefully  controlled,  however,  with  primary  con¬ 
sideration  always  given  to  the  permanent  trees,  there  is  no  reason  why  inter¬ 
cropping  should  damage  the  trees.  On  the  other  hand,  it  may  be  an  advantage 
to  them.  .  .  .  .  -  -  _  .  . 


The  crop  grown  between  the  permanent  trees  may  be  some  other  fruit  or  it 
may  be  a  vegetable  or  field  crop.  Two  or  more  of  these  types  may  be  grown  in 
the  same  orchard  at  first  when  the  space  is  large. 


Many  growers  prefer  some  quick-growing  fruit,  as  being  in  line  with  per¬ 
manent  planting,  and  affording  valuable  experience  in  culture  and  marketing.  A 
number  of  satisfactory  fruits  are  available  for  the  purpose.  In  temperate  climates 
peaches  are  often  grown  between  such  trees  as  the  apple.  In  a  properly  spaced 
mango  orchard  there  is  room  for  guava  trees,  which  begin  to  bear  after  two  or 
three  years,  and  will  produce  a  number  of  crops  before  it  is  necessary  to  remove 
them.  Among  smaller  trees,  such  fruits  as  the  papaya,  banana  or  phalsa  may 
well  be  grown.  Allen  (1934)  advises  against  bananas  as  fillers  in  citrus  groves 
because  they  require  more  water  than  is  good  for  the  citrus  fruits,  and  against 
papayas  because  they  are  tall  and  shade  the  trees.  This  argument  is  of  little 
weight,  however,  if  the  fillers  are  kept  well  away  from  the  permanent  trees.  In 
no  case  should  the  roots  of  the  intercrop  occupy  the  soil  where  the  roots  of  the 
permanent  trees  are  concentrated. 

The  danger  in  using  fillers  is  that  they  will  be  allowed  to  remain  in  the 
orchard  too  long.  Growers  frequently  fail  to  realize  that  the  root  systems  ex¬ 
tend  more  rapidly  than  the  branches,  and  that  the  roots  of  the  permanent  trees 
come  in  contact  with  the  roots  of  the  fillers  before  there  is  any  crowding  above 
ground.  Even  when  the  branches  begin  to  interfere,  there  is  always  the  tempta¬ 
tion  to  allow  the  fillers  to  remain  and  produce  one  more  crop.  In  this  way  the 
permanent  trees  may  be  hindered.  The  only  safe  rule  is  to  make  definite  plans  to 
remove  the  fillers  after  a  certain  number  of  years,  varying  with  the  fruit  concerned, 
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Cabbage  growing  between  rows  of  guava  trees. 
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A  guava  tree,  showing  part  of  its  root  system. 
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and  act  accordingly,  even  when  that  means  taking  out  beautiful  trees-  when  there 
is  no  apparent  danger  of  competition '  between  them  and  the  permanent  trees. 

There  is  much  less  of  this  danger  in  the  growing  of  annual  crops,  whether 
vegetables  or  field  crops.  The  choice  between  the  two  will  depend  on  the  avail¬ 
able  labour,  manure,  and  water  and  on  market  condition  >.  Where  these  are 
favourable,  a  larger  return  can  be  secured  from  vegetables.  In  any  case,  but 
especially  if  vegetables  or  other  exhaustive  crops  are  grown  it  must  be  remember¬ 
ed  that  the  soil  fertility  must  be  maintained  or  improved.  It  is  a  very  short¬ 
sighted  policy  to  deplete  the  fertility  of  the  soil  in  the  years  when  the  fruit  trees 
are  coming  to  matuiity.  Again  it  must  be  remembered  that  the  intercrop  should 
be  kept  well  away  from  the  permanent  trees,  and  irrigated  independently  of  them. 
The  intercrop  may  require  an  irrigation  at  a  time  when  it  would  be  deterimental 
to  the  trees.  Care  should  be  taken  to  see  that  the  water  is  limited  to  the  area  of 
the  crop.  At  othei  times  it  may  be  economical  to  irrigate  trees  and  crop  at  the 
same  time.  . 

Irrigation 


The  water  relations  of  the  plant  are  of  extreme  importance,  both  for  Vege¬ 
tative  growth,  and  for  fruit  production.  In  regions  having  a  well-distributed  rain¬ 
fall,  it  is  customary  to  depend  on  this.  The  grower  accepts  an  occasional  loss  due 
to  drought  or  insufficient  rain,  in  consideration  of  the  saving  of  the  cost  of  irriga¬ 
tion.  This  condition  prevails  in  the  fruit  growing  districts  in  the  Himalayas.  On 
Ihe  plains,  however,  irrigation  is  the  rule.  This  increases  the  cost,  but  adds  to  the 

grower’s  independence,  and  makes  fruit  growing  less  of  a  gamble  and  more  of  a 
business. 


Some  fruit  is  grown  on  the  plains  without  irrigation,  and  in  the  case  of  such 
deep-rooted  trees  as  the  mango,  fair  crops  may  be  produced  by  the  mature  trees. 

rom  a  commercial  point  of  view,  however,  irrigation  is  a  necessity  in  order  to 
secure  rapid  growth  of  young  trees  and  satisfactory  crops.  In  places  where  the 
water  leve!  ,s  close  to  the  surface,  the  need  for  irrigation  is  much  less.  Howard 
studied  the  root  systems  of  the  various  fruits  in  the  experiments  at  Pusa,  where  the 
wa  er  table  is  about  16  feet  below  the  surface.  He  found  that  all  had  similar  systems 
""  one  set  of  spreading  roots  in  the  upper  18  inches  of  soil.  From  the  Wer 

th;;:!:^;!  "ir out  ?n  th*  r,er’ the  upper  -*  °f 

""  depet  30  i:zz 

>  n  or  irrigation,  the  upper  roots  break  into  activitv  A0  tl,  ,  i  i 
rises  during  the  rains,  the  lower  rootlets  are  killed  and  ,h  ,  a 

upper  roots.  Even  under  such  circumstances  however  •  ?•  P  *  °n  'he 

“S  "  k7rPr;  ^  r0°‘S  aCtiVC  in  '**  “P-  >«yers  where 

amounts  of^sahs  hTtT  be&avoided  ^espedalty^f0^'^ -9*  W“lCr  COn,aininS  large 

o.aea,  especially  ,f  there  is  any  tendency  for  the  soil 
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to  be  alkali.  Very  rarely  water  is  found  containing  amounts  of  boron  which,  while 

very  small,  are  still  sufficient  to  damage  an  orchard.  Most  sources  of  water,  how- 
ever,  are  quite  satisfactory. 

The  methods  of  applying  water  commonly  used  in  India  are  very  inefficient. 
Water  is  generally  given  in  a  small  basin  around  the  trunk  of  the  tree,  or  in  a  ring 
of  small  diameter.  A  little  consideration  of  the  way  in  which  water  is  absorbed 
by  the  tree  will  show  the  foolishness  of  this  method.  Absorption  is  largely  through 
the  root  hairs,  which  are  found  near  the  growing  tips  of  the  roots.  The  roots  of 
fruit  trees  are  found  extending  to  some  depth  in  the  soil,  but  mainly  in  the  top 
two  feet,  and  often  extending  horizontally  far  beyond  the  spread  of  the  branches. 
In  a  mature  orchard,  even  if  the  distance  between  trees  is  liberal,  the  roots  will 
ordinarily  occupy  all  of  the  soil.  If  irrigation  is  given  only  around  the  trunk  of 
the  tree,  it  is  obvious  that  this  will  reach  only  a  small  proportion  of  the  growing 
ends.  Irrigation  in  this  manner  tends  to  discourage  the  spreading  of  roots  and 
thus  to  limit  the  area  from  which  nutrients  are  drawn.  Some  trees,  particularly 
the  citrus  fruit9,  are  subject  to  diseases  attacking  the  collar  and  trunk,  when  water 
is  allowed  to  touch  them. 

A  good  irrigation  system  should  reduce  to  the  minimum  the  loss  of  water. 
This  loss  may  take  place  through  surface  run-off,  deep  percolation,  surface  evapo¬ 
ration,  or  the  use  of  the  water  by  weeds.  Surface  evaporation  is  inevitable,  but  is 
greater  where  the  entire  surface  is  wetted  than  where  the  area  wetted  is  restricted. 
The  loss  through  deep  percolation  is  often  great,  and  much  of  it  is  unnecessary. 
Once  water  gets  below  the  region  where  the  roots  are,  it  is  lost,  and  it  may  carry 
with  it  nutrients  of  great  value.  Surface  run-off  and  the  loss  through  weeds  should 
be  very  largely  eliminated. 

When  trees  are  small,  some  system  of  irrigation  in  rings  is  desirable.  These 
should  be  so  planned  as  to  irrigate  the  soil  at  least  as  far  as  the  roots  extend.  The 
rings  may  be  connected  with  each  other  in  series,  and  the  water  run  down  the  tree 
row,  or  each  ring  may  be  connected  with  a  channel  running  between  the  tree  rows. 
If  water  is  expensive  it  may  be  carried  in  buckets  or  in  a  tank-wagon  to  the  rings. 
As  the  trees  grow  the  diameter  of  the  ring  increases. 

Some  modification  of  the  furrow  system  is  probably  the  best  way  to  irri¬ 
gate  mature  trees.  The  furrows  may  be  made  in  one  direction  and  the  soil  in  the 
tree  rows  allowed  to  become  dry.  In  fact,  some  growers  irrigate  in  alternate  middles 
at  one  irrigation,  and  the  remaining  ones  at  the  next.  This  is  possible  because  under 
ordinary  conditions  part  of  the  roots  can  absorb  all  the  water  the  tree  can  use,  and 
there  is  no  difficulty  in  the  distribution  of  the  water  to  all  parts  of  the  top.  Some 
growers  prefer  to  make  furrows  in  one  direction  at  one  irrigation,  and  m  another 
at  the  next,  or  they  may  be  made  in  both  directions.  The  latter  s\stem  involves 
more  hand  labour,  in  order  to  make  the  water  run  part  way  around  the  tree.  There 
should  be  one  furrow  as  close  to  the  ‘skirt’  of  the  tree  as  it  can  be'  conveniently 
made  and  it  is  well  to  have  other  furrows  at  distances  of  from  one  and  a  ha  to 
three’ feet  until  the  skirt  of  the  next  tree  is  reached.  Broad,  shallow  furrows  are 
generally  best,  as  they  provide  better  distribution  of  the  water  than  narrow  ones, 
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and  cause  less  erosion.  The  length  of  the  furrow  should  depend  on  *he  s  °P  ’ 
on  the  nature  of  the  soil.  In  heavy  soil  percolation  is  more  slow,  and  the  funov 
may  be  longer.  The  furrow  should  not  be  so  long  that  there  is  much  waste  of  water 
by  seepage  in  the  upper  part  before  the  lower  end  secures  sufficient  water.  Taylo. 
(1941)  recommends  furrows  200  to  400  feet  long.  Some  inequality  in  amounts  is 
hard  to  avoid.  A  certain  amount  of  run-off  at  the  bottom  of  the  furrows  is  also  a 


common  fault  in  this  type  of  irrigation. 

Irrigation  in  basins  is  also  practised,  and  has  the  advantage  of  providing  a 
more  equaf  distribution.  It  involves  more  labour,  and  is  difficult  to  use  unless  the 
slope  is  very  gentle.  It  wets  more  of  the  surface  and  results  in  more  loss  by  evap¬ 
oration,  and  also  in  the  necessity  for  more  cultivation. 


The  amount  of  water  required  varies  t  with  so  many  factors  that  it  is  not 
possible  to  form  a  general  rule.  There  is  danger  in  over-irrigation,  as  well  as  in 
under-irrigation.  The  rapidity  with  which  water  is  withdrawn  from  the  soil  depends 
on  the  size  and  nature  of  the  trees,  the  nature  of  the  soil,  and  the  clhnatic  condi¬ 
tions.  The  amount  of  water  which  can  be  stored  in  the  soil  depends  on  the  nature 
of  the  soil.  A  heavy  soil  requires  more  water  at  one  time  than  does  a  light  soil, 
but  irrigations  may  be  much  less  frequent.  More  water  should  not  be  applied  than 
will  wet  the  soil  to  the  depth  to  which  the  roots  extend. 

Except  where  it  is  necessary  to  check  the  trees  to  induce  fruitfulness,  the 
leaves  should  be  kept  from  wilting,  as  far  as  possible.  As  Magness  (1935)  has 
pointed  out  in  his  excellent  summary  of  investigations,  there  is  a  rapid  recovery 
in  trees  after  wilting,  if  the  leaves  do  not  fall,  but  the  size  of  any  fruit  growing 
at  the  time  is  permanently  reduced.  In  periods  of  dry  heat,  especially  if  there  is 
also  considerable  wind,  the  tree  may  not  be  able  to  bring  to  the  leaves  sufficient 
moisture  to  prevent  wilting,  or  even  desiccation,  no  matter  how  much  moisture 
there  may  be  in  the  soil.  Under  less  severe  conditions,  if  there  is  fruit  on  the 
tree,  moisture  may  be  withdrawn  from  it  in  order  to  make  good  the  deficiency  in 
the  leaves.  This  results  in  slow  growth  of  the  fruit.  Even  under  favourable  climatic 
conditions,  the  tree  may  suffer  if  the  supply  of  moisture  in  the  soil  becomes 
too  scant.  On  the  other  hand,  it  seems  to  be  better  for  the  trees  to  have  the  water 
supply  fluctuate  from  field  capacity  to  a  point  safely  above  the  wilting  point  than 
to  have  it  maintained  near  field  capacity  by  very  frequent  irrigation.  As  the  soil 
loses  moisture,  its  pH  becomes  lower,  with  the  result  that  minerals  are  dissolved 
and  become  available  to  the  trees. 


Intelligent  irrigation  practice  will  therefore  depend  upon  observation  of  the 
condition  of  the  trees,  and  of  the  soil.  This  latter  can  best  be  done  by  means  of  a 
soil  auger.  If  samples  from  different  depths  are  taken,  and  the  percentage  of  mois- 
lure  determined,  the  point  at  which  wilting  occurs  can  be  found  out,  and  thereafter 
water  applied  justt  as  it  is  needed.  If  an  auger  is  not  available,  a  better  under- 
anding  of  soil  moisture  conditions  may  be  had  by  digging  a  hole  a  couple  of 
et  deep  with  a  shovel  or  other  tool,  than  by  looking  at  the  surface.  If  there  are 
weeds  growing  the.r  condition  is  also  indication  of  the  siate  of  the  soil  As 
the  great  maturity  of  the  roots  are  in  the  top  soil,  this  will  dry  out  mucT  mot 
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quickly  than  that  at  lower  levels.  It  mav  thprpfm-o  L  j  •  i, 

] •  l  •  «  ,  .  '  tore  be  desirable  to  sivr  one  or  more 

■gh  irrigations  between  heavy  irrigations.  At  times  when  transpiration  is  likely 

to  be  very  great,  „  , s  well  to  keep  the  soil  moisture  well  above  the  wilting  point 

z  :r  ,“r  h" «. 


Manures  and  Fertilizers 


The  nutrition  of  the  tree  is  a  matter  of  supreme  importance.  Fruits  remove 
arger  amounts  of  nutrients  from  the  soil  than  most  other  crops.  An  orchard  can 
be  maintained  in  commercial  bearing  only  by  adequate  manuring.  The  general 
principles  of  manuring  are  very  well  known;  nevertheless,  much  is  written  £  the 
subject  which  is  inaccurate,  to  say  the  least.  This  may  be  blamed  in  part  on  the 
propaganda  of  firms  dealing  in  commercial  fertilizers,  who  are  sometimes  more 
interested  in  sales  than  in  profitable  orcharding.  Also,  some  ideas  seem  to  gain 
credulity  by  virtue  of  being  often  repeated.  As  maintaining  fertility  is  likely  to  be 
one  of  the  more  expensive  parts  of  fruit  growing,  it  will  repay  the  grower  to  base 
his  programme  on  known  principles  and  careful  experiments,  and  if  further  manur¬ 
ing  seems  needed,  to  make  his  own  experiments  on  a  small  scale  before  adopting 
any  practice. 


#  # 

riuit  tiees,  in  common  with  other  plants,  require  for  their  growth  a  number 
of  minerals,  most  of  which  are  found  in  ordinary  soils  in  adequate  amounts.  The 
amounts  which  are  soluble  and  available  to  the  tree  may  be  much  less.  Chemical 
analysis  of  the  soil  is  ordinarily  of  little  value  in  showing  what  elements  are  need¬ 
ed.  The  more  soils  are  studied,  the  more  difficult  and  complicated  the  problems  of 
nutrition  appear.  The  ability  of  the  plant  to  secure  for  itself  the  necessary  amount 
of  an  element  depends  not  only  on  the  amount  of  the  element  present  in  a  soluble 
form,  but  also  on  the  reaction  (pH)  of  the  soil,  and  the  amounts  of  various  other 
elements.  As  Shear  and  others  (1946)  state,  ‘All  other  factors  being  constant,  plant 
growth  is  a  function  of  the  two  variables  of  nutrition,  intensity  and  balance,  as 
they  are  reflected  in  the  composition  of  leaves  when  the  plants  are  in  the  same 
stages  of  growth  and  development;  All  of  the  mineral  elements  in  the  leaves 
must  be  considered  in  determining  the  balance,  including  those  not  required  for 
normal  growth.  The  complexity  of  the  situation  is  illustrated  by  Wallace  and 
Hewitt  (1946)  with  regard  to  iron.  They  state  that  a  simple  deficiency  of  this 
element  probably  does  not  occur  in  the  field,  but  that  the  deficiencies  found  in 
plants  may  be  classified  as  lime-induced,  those  resulting  from  deficiencies  of  other 
elements,  and  those  resulting  from  excesses  or  toxicities  of  other  minerals.  An  iron 
deficiency  may  be  caused  by  a  deficiency  of  potassium,  by  an  excess  of  cobalt, 
on  neutral  or  slightly  alkaline  soils  by  an  excess  of  phosphorus,  or  on  an  acid  soil 
by  an  excess  of  zinc.  : 


Early  attempts  to  judge  fertilizer  needs  by  analyzing  the  plants  also 
failed  but  later,  more  refined  methods  have  proved  of  value.  Bathurst  (1943) 
reports  on  several  years’  experience  in  South  Africa  on  eitrus  fruits.  Leaves 
were  taken  from  the  fruit  stems,  in  May  or  June,  when  they  were  10  or  li  months 
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old.  The  amounts  of  the  different  elements  present  in  the  leaves  of  healthy  trees 
were  determined.  In  many  cases,  where  the  leaves  showed  much  less  than  the  nor¬ 
mal  amount  of  an  element,  the  application  of  that  element  as  a  fertilizer  produced 
good  results.  In  one  case,  where  the  amount  of  nitrogen  was  above  normal,  the 
addition  of  nitrogenous  fertilizer  reduced  the  yield.  Chapman  (1949)  has  done 
much  analysis  of  citrus  leaves  as  a*  measure  of  potassium  nutrition.  On  the  basis 
of  this  and  of  work  by  others  on  other  elements,  he  presents  a  table  showing  the 
minimum,  range  in  good  orchards  in  California,  average,  and  maximum  percent¬ 
ages  of  N,  P,  S,  Ca,  Mg,  K.  Fe,  Mn,  Zn,  Cu,  Mo,  Na  and  Cl,  and  the  effect,  as 
far  as  it  is  known,  of  a  deficiency  of  each  on  all  the  others  except  Na  and  Cl, 
which  are  not  essential.  Ramamoorthy  and  Desai  (1946)  have  reported  preliminary 
studies  of  nutritional  deficiencies  by  the  spectrascopic  examination  of  both  leaves 
and  soil.  , 

Many  crops  react  favourably  to  the  addition  of  three  elements,  nitrogen, 
phosphorus,  and  potassium,  on  many  soils.  Deficiencies  in  other  elements  have 
been  recognized  much  less  frequently.  Fruit  growers  have  therefore  paid  most 
attention  to  these  elements,  and  some  have  assumed  that  all  three  should  be  ap¬ 
plied.  Analysis  of  fruits  and  leaves  of  a  number  of  fruit  trees  has  shown  that 
large  amounts  of  nitrogen,  even  larger  amounts  of  potassium,  and  small  amounts 
of  phosphorus  are  removed.  On  the  basis  of  this  analysis,  potassium  has  been 
regarded  as  having  special  importance  for  fruit  trees. 

Extensive  field  experiments  with  deciduous  fruits  have  been  carried  out  in 
Europe  and  America,  and  while  the  results  are  not  conclusive  in  all  cases,  much 
valuable  information  has  been  secured.  Chandler  (1925),  after  a  very  thorough' 
review  of  the  literature,  comes  to  the  conclusion  that  fruits  often  fail  to  respond 
to  fertilizers  in  soils  in  which  field  crops  show  a  recided  response.  Fruits  respond 
to  all  three  elements  only  in  soils  unusually  deficient  in  them,  but  many  tree3 
will  respond  to  nitrogen  on  any  soils  where  field  crops  respond.  Citrus  trees  seem 
to  require  more  nitrogen  than  deciduous  fruits  or  most  field  crops.  None  of  the 
fruits  tested  make  any  response  to  the  application  of  phosphorus  on  soils  deficient 
in  this  element  for  field  crops,  unless  the  deficiency  is  extreme.  Lilleland  and 
others  (1942)  report  that  on  a  clay  loam  with  a  very  low  content  of  available 
phosphorus,  18  annual  crops  failed  to  make  satisfactory  growth  without  additional 
phosphorus,  and  the  adding  of  the  element  to  the  holes  in  which  nursery  trees 
were  planted  was  helpful.  But  established  trees  of  eight  species  showed  no  response 
to  a  heavy  application  on  the  surface  or  injected  to  a  depth  of  three  feet.  All  grew 
well  and  bore  satisfactory  crops  whether  phosphorus  was  added  or  not.  Where 
potassium  is  exceptionally  low,  fruit  trees  may  make  a  marked  response  to  addi¬ 
tions;  otherwise  the  response  is  not  measurable.  There  seems  to  be  an  indication 
of  a  very  slight  response  in  many  soils,  even  though,  they  are  rich  in  this  element 

naturally.  Howrever,  this  response  does  not  justify  expenditure  on  potash  ferti¬ 
lizers.  . 

.  Experiments  with  citrus  fruits  are  likely  to  have  more  meaning  for  India 
than  those  with  deciduous  fruits.  The  most  thorough  experiments  with  citrus  fruits 
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have  undoubtedly  been  carried  on  in  California,  and  the  results  achieved  there 
are  very  striking.  In  one  report,  Batchelor  (1933)  states  that  nitrogen  is  needed, 
but  that,  The  total  absence  of  any  effect  from  phosphate  or  potash  has  been  ob¬ 
served  with  regard  to  the  growth  of  weeds,  cover  crops,  and  trees,  and  fruit  ton¬ 
nage  and  quality  .  The  possibility  exists  that  the  supply  of  other  elements  may 
gradually  be  used  up.  Parker  and  Jones  (1950  A,  B)  report  on  a  fertilizer  experi¬ 
ment  begun  in  1927.  In  the  early  years  there  was  no  significant  effect  from  the 
use  of  potassium,  but  later  the  potassium  apparently  caused  a  small  average  in¬ 
crease  in  the  size  of  the  fruit,  and,  as  there  was  no  reduction  in  numbers,  in  the 
yield.  The  increase  was  considerable  only  in  the  years  when  the  fruit  on  the  trees 
receiving  no  potassium  was  unusually  small.  The  effect  was  more  pronounced 
when  the  potassium  was  applied  in  bulky  organic  manures  than  when  chemical 
forms  were  used.  There  was  a  correlation  between  large  size  and  the  concentration 
of  potassium  in  the  leaves.  Aldrich  and  Cooney  (1951)  report  a  deficiency  of 
phosphorus  in  certain  lemon  orchards  in  California. 

It  has  long  been  known  that  plants  required  a  number  of  elements  in  addi¬ 
tion  to  nitrogen,  phosphorus,  and  potassium,  but  it  has  generally  been  assumed 
that  these  were  present  in  sufficient  quantities  in  practically  all  soils.  It  is  now 
known  that  plants  suffer  from  deficiencies  in  these  elements  quite  commonly,  even 
though  the  amount  required  may  be  very  small.  Camp  and  Fudge  (1939)  report 
that  in  Florida,  symptoms  resulting  from  deficiencies  in  copper,  zinc,  manganese, 
magnesium,  iron,  and  boron  occur  in  citrus  orchards.  As  Camp  and  others  (1941) 
and  Bain  (1941)  have  pointed  out,  symptoms  of  the  lack  of  most  of  these  elements 
have  been  observed  in  other  parts  of  the  world.  The  list  of  elements  which  have 
been  found  deficient  in  orchards  of  deciduous  fruits  is  not  as  long,  but  according 
to  Davidson  (1941)  contains  calcium  as  well  as  magnesium,  boron,  and  zinc. 
Certain  deficiencies  cause  rather  definite  patterns  in  tl^  leaves  which  can  generally 
be  recognized  by  those  familiar  with  them.  However,  symptoms  resulting  from 
different  causes  may  be  very  similar,  and  at  times  more  than  one  element  may  be 
deficient,  making  the  cause  difficult  to  identify.  In  fact,  Shear  and  others  (1946) 
state  that  there  are  no  deficiency  symptoms  which  may  be  accurately  dignosed 
visually. 

The  degree  of  damage  caused  by  these  deficiencies  varies.  It  may  be  severe, 
as  in  the  case  of  magnesium  in  Florida  where,  according  to  Cowart  (1942),  a  de¬ 
ficiency  of  this  element  causes  a  decline  in  both  tree  growth  and  yield  in  oranges 
and  grapefruit.  The  application  of  magnesium  not  only  increases  the  crop,  but 
increases  the  content  of  sugar  and  vitamin  C,  and  improves  the  taste  of  the  juice. 
It  is  thought  that  the  improvement  is  brought  about  by  increasing  the  area  and 
efficiency  of  the  leaves.  On  the  other  hand,  Parker  and  Southwick  (1941)  state 
that  although  symptoms  of  manganese  deficiency  are  widespread  in  California,  its 
control  by  means  of  suitable  sprays  seems  to  make  no  difference  in  the  general 
health  or  yield  of  the  trees  except  in  severe  cases. 

Most  deficiencies  may  be  rather  readily  controlled  by  applying  salts  of  the 
elements  to  the  soil,  or  in  some  cases,  by  spraying  them  on  the  foliage.  Injecting 
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the  elements  into  the  trees  has  also  been  tried  with  some  success.  In  alkaline  soils, 
these  elements  may  be  present  but  because  they  are  relatively  unavailable, 
symptoms  of  deficiency  may  occur.  The  use  of  bulky  organic  fertilizers  may  be 
useful  in  such  cases  not  only  because  of  the  elements  contained,  but  also  because 
of  their  influence  on  the  reaction  of  the  soil.  It  is  possible  that  at  least  part  of 
the  advantage  of  organic  sources  of  nitrogen  over  inorganic  is  the  presence  of 
small  amounts  of  these  elements. 

While  comparatively  little  work  has  been  done  on  these  so-called  minor  or 
trace  elements  in  India,  it  is  apparent  that  deficiencies  do  occur  here.  Choudhury 
(1936)  has  controlled  chlorosis  of  citrus  trees  in  the  Punjab  by  spraying  with 
iron  salts.  Marudarajan  (1949)  reports  a  deficiency  of  zinc  in  oranges  in  several 
districts  of  Madras,  and  while  soil  applications  did  not  correct  the  condition, 
spraying  .with  zinc  sulphate  twice  a  year  proved  effective.  He  states  that  a  defi¬ 
ciency  of  copper  in  Batavian  oranges  in  the  Northern  Circars  was  improved  by 
spraying  with  Bordeaux  mixture.  A  decline  of  citrus  trees  in  the  submontane  tracts 
of  the  Shevaroys,  Kotagiri,  and  Coorg  did  not  respond  to  initial  treatments  and  leaf 
analysis  showed  deficiencies  of  phosphorus,  magnesium,  manganese,  and  boron, 
though  phosphorus  was  the  only  element  found  to  be  deficient  in  the  soil.  Elements 
present  in  the  soil  may  have  been  unavailable  because  the  soil  had  a  pH  value 
of  7.  t 


Fertilizer  Fallacies 


It  is  frequently  argued  with  considerable  plausibility  that  trees  should  be 
given  a  ‘balanced  ration’  of  nitrogen,  phosphorus  and  potassium,  just  as  men  and 
animals  require  a  balanced  diet.  The  fallacy  lies  in  disregarding  the  fact  that  the 
tree  gets  its  ,food  from  the  soil,  and  that  the  aim  of  manuring  is  only  to  make 

good  any  deficiencies.  Only  if  all  three  elements  are  deficient  is  it  logical  to 
supply  such  a  balanced  ration.- 


Another  fallacy  which  may  be  encouraged  by  .fertilizer  propaganda  is  the 
idea  that  dung  or  farmyard  manure  supplies  only  nitrogen.  It  is  true  that  such 
manure  is  ordinarily  applied  primarily  for  its  nitrogen  and  organic  matter,  hut  it 

and  pCTmno°,at  ,  r°Un,S  0f  both  PhosPho™s  and  potassium.  Batchelor 
and  Parker  (1934)  analyzed  numerous  lots  of  dairy  manure,  and  found  them  to  con- 

tain  nitrogen  phosphorus  and  potassium  in  the  proportion  10:7:20.  They  report 

that  water-soluble  phosphate  and  potash  gradually  increased  in  the  root  zone  of 

crus  trees  fertilized  with  dairy  manure,  as  well  as  where  the  minerals  were  applied 

It  has  been  found  in  numerous  experiments  that  irresnectiv*  nf 
of  nitrogen  available,  trees  do  not  flourish  unless  the  sunnlv  of  n  •  *  &m 

Ihe6  u*  of  ^  bC  9Uppfied  in  Part  £ 

-  -  *— — • “  ittTa 
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I  here  seems  to  he  little  difference  in  the  effectiveness  of  the  different 
chemical  nitrogenous  fertilizers.  Sulphate  of  ammonia  tends  to  make  the  soil  re- 
action  more  acid,  while  nitrate  of  soda  may  result  in  the  accumulation  of  sodium  in 
the  soil,  if  used  in  liberal  quantities  over  a  period  of  years. 

lheie  ha\e  been  a  number  of  manurial  experiments  conducted  in  India,  but 
almost  none  have  dealt  with  the  requirements  of  fruit  trees.  Sahasrabuddhe  (1934), 
in  reviewing  manurial  experiments  in  Bombay  up  to  1931,  mentions  experiments 
with  four  fruits,  but  with  the  doubtful  exception  of  a  one-year  experiment  on  the 
fig,  none  gave  any  significant  result.  It  is  therefore  difficult  to  understand  the 
assurance  with  which  many  authorities  advocate  complicated  and  exact  manurial 
treatment.  It  is  desirable  that  careful  experiments  be  carried  out  with  the  different 
fruits  and  under  different  conditions  of  soil  and  climate.  Until  this  is  done,  the 
grower  must  base  his  programme  on  common  experience,  on  the  results  of  ex¬ 
periments  with  other  crops  in  India,  and  on  the  experiments  on  fruits  in  other 
countries. 

The  use  of  nitrogen,  particularly  in  bulky  organic  forms,  is  justified  by 
experiments  in  other  countries,  as  has  seen;  by  experiments  with  other  crops  in 
this  country;  and  by  common  experience.  It  is  generally  recognized  that  most 
Indian  soils  are  lacking  in  nitrogen,  and  particularly  in  organic  matter.  Nitrogen¬ 
ous  manures  are  commonly  U9ed  in  orchards,  often  without  other  fertilizers,  with 
obviously  profitable  results.  Both  nitrogen  and  phosphorus,  generally  in  the  form 
of  super-phosphate,  increased  the  yields  of  many  crops  in  trials  in  various  parts 
of  India,  according  to  Vaidyanathan  (1934).  As  has  been  seen,  such  experiments 
do  not  indicate  that  fruit  irees  would  respond  to  applications  of  phosphorus. 
There  seem  to  have  been  very  few  experiments  with  potash,  as  most  Indian  soils 
are  said  to  be  well  supplied,  and  there  is  no  evidence  of  the  value  of  applying  it. 
In  the  Punjab,  the  manurial  experiments  of  20  years  were  statistically  studied,  and 
the  results  have  been  summed  up  by  Johnston  (1934).  He  reports  that  green 
manuring  has  invariably  given  good  results;  that  artificial  nitrogenous  manures, 
alone  and  in  conjunction  with  farmyard  manure,  have  generally  given  good  re¬ 
sults;  and  that  farmyard  manure  has  almost  always  given  better  financial  results 
than  artificials,  being  the  cheapest  and  most  common  means  of  adding  organic 
matter  and  nitrogen  to  the  soil. 

The  use  of  phosphorus  and  potassium,  except  as  they  are  provided  by 
farmyard  manure,  is  not  very  common  in  Indian  orchards,  and  there  seems  to  be 
no  clear  indication  that  they  are  commonly  needed.  Superphosphate  is  reported 
to  cause  a  positive  response  when  applied  to  temperate  fruit  trees  in  Podsols  and 
Brown  Forest  soils  of  Kumaun,  as  well  as  with  sugarcane  in  leached  calcium  soils 
in  three  districts,  but  is  not  recommended  elsewhere  in  Uttar  Pradesh.  Johnston, 
irt  the  report  referred  to  above,  states  that,  ‘the  application  of  phosphatic  and 
potassic  fertilizers  has  almost  always  resulted  in  a  financial  loss’.  If  this  is  true 
of  field  crops,  experiments  in  other  countries  would  indicate  that  it  would  be  even 

more  true  of  fruits. 
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It  would  seem,  therefore,  that  the  most  important  element  in  a  manurial 
programme  for  Indian  orchards,  and  pending  further  experiments,  the  only 
element  to  be  generally  recommended,  is  the  supply  of  nitrogen  and  organic 
matter.  It  must  be  remembered  that  soils  differ,  and  that  no  general  recommenda¬ 
tion  will  be  universally  applicable.  It  is  still  possible  that  under  certain  conditions 
the  use  of  other  fertilizers  will  be  economical. 

The  amount  of  nitrogen  per  tree  or  per  acre  which  can  be  profitably  ap¬ 
plied  is  a  question  on  which  there  is  even  less  evidence.  It  is  not  known  what  the 
optimum  amount,  from  the  point  of  view  of  yield,  is  and  this  will  obviously  vary 
with  the  soil.  The  most  profitable  amount  will  ordinarily  be  less,  as  the  law  of 
diminishing  returns  is  applicable.  The  most  profitable  amount  may  also  vary  from 
year  to  year,  as  it  depends  on  the  market  value  of  the  fruit,  and  the  cost  of  the 
fertilizer,  both  of  which  fluctuate.  Under  some  circumstances  as  much  as  three 
pounds  of  nitrogen  per  tree  may  be  profitable.  This  would  be  supplied  by  about 
300  pounds  of  farmyard  manure  of  high  quality  or  by  150  pounds  of  farmyard 
manure  and  pounds  of  ammonium  sulphate.  Batchelor  (1948  A)  states  that, 
‘The  experience  of  many  successful  citrus  growers  in  California  seems  to  justify 
applying  annually  180  to  250  pounds  of  nitrogen  per  acre’. 


When  trees  are  young,  and  it  is  desired  to  maintain  them  in  vigorous 
growth,  there  is  little  danger  of  providing  too  much  nitrogen.  When  trees  reach 
the  stage  at  which  they  should  produce  fruit,  it  is  commonly  believed  that  the 
amount  of  nitrogen  applied  should  be  decreased.  It  seems  probable  that  under 
some  conditions,  certain  fruits  are  kept  in  vegetative  growth,  and  fruitfulness  is 
inhibited,  by  the  application  of  nitrogenous  manures.  In  cases  of  vigorous  trees 
failing  to  fruit  .satisfactorily  it  may  be  well  to  reduce  or  omit  the  application  of 
nitrogen.  On  the  other  hand,  it  may  be  better  to  limit  vegetative  growth  by  re¬ 
ducing  the  water  supply,  or  to  increase  the  proportion  of  carbohydrates  in  the 
branches  by  ringing  or  root  pruning.  It  should  be  remembered  that  nitrogen,  is 
needed  for  the  formation  of  fruit  buds  and  fruit,  as  well  as  for  vegetative  growth 
Also  vigorous  growth  means  more  leaves,  and  consequently  the  formation  of  more 

carbohydrate.  A  mature  tree,  producing  large  crops  of  fruit,  requires  more  nitro¬ 
gen  than  a  young  growing  tree. 

Bulky  organic  manures  should  be  spread  over  as  much  of  the  soil  occupied 
by  tree  roots  as  is  feasible,  and  mixed  with  the  surface  soil.  The  same  method 
may  be  used  for  chemical  fertilizers,  but  these  are  sometimes  dissolved  in  the 
irriga  ion  water  or  applied  in  the  furrows  just  before  irrigation.  Haas  (1950  A) 

root  S  T  thC  desirabiHty  of  PlacinS  manure  so  that  it  is  available  to  all  major 

tainer  ,  nT  ^  gr°W"  "ilh  half  of  the  one  con- 

two  n  .k  ln  another’  Afler  on,y  one  container  had  been  irrigated  for  about 

whe/X’ amount '  of  ‘nd'Cat.10n  °f  la'k  of  water  >n  any  of  the  branches.  But 
varied  X  h  k  [  T"  “  *he  °tha™se.balanced  nutrient  solution  was 

e<J’  ^  b,anCh  ab°-  ‘he  recetving  more  nitrogen  grew  and  product 
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better  than  the  other.  Investigations  with  other  plants  have  also  indicated  that 
there  is  no  appreciable  cross-transfer  of  nutrients,  though  there  is  of  water. 

As  has  been  seen,  the  so-called  minor  elements  are  frequently  supplied  as 
sprays  on  the  foliage.  Under  some  conditions  applications  to  the  soil  are  useless, 
as  the  material  immediately  becomes  insoluble.  More  recently,  the  application  of 
nitrogen  through  foliage  sprays  has  received  some  attention.  Fisher  and  others 
(1948)  state  that  there  is  some  evidence  that  leaf  sprays  of  urea  can  maintain 
apple  trees  in  a  satisfactory  state  of  nitrogen  nutrition,  and  that  by  regulating  the 
nitrogen  content  of  the  leaves  more  precisely  than  is  possible  by  soil  applications, 
favourably  affect  set,  size,  and  colour.  They  point  out  that  timing  and  dosage  are 
very  important.  Similarly,  Jones  and  Parker  (1949  B)  report  that  the  nitrogen 
content  of  orange  leaves  can  be  increased  more  rapidly  by  spraying  with  urea, 
but  that  it  was  not  known  whether  all  of  the  nitrogen  required  can  be  absorbed 
by  the  leaves.  They  report  no  damage  such  as  had  occurred  in  other  experiments 
with  citrus  and  other  crops.  Both  sets  of  authors  emphasize  that  more  work  is 
necessary  to  ascertain  the  commercial  value  of  this  method. 

Chapter  vr. 

PROTECTION  FROM  ADVERSE  WEATHER  CONDITIONS 


No  matter  how  favourable  the  climate  may  be  for  fruit  production,  there 
are  in  all  regions  occasional  extremes  which  damage  the  fruit  or  the  trees.  Man 
has  little  control  over  the  climate,  but  can  in  some  cases  decrease  the  amount  of 
damage. 

Extremes  of  temperature  are  the  most  common  sources  of  damage.  In 
temperate  countries,  and  to  a  certain  extent  in  subtropical  regions,  cold  is  a  serious 
danger.  Even  the  most  hardy  deciduous  trees  may  be  killed  by  extremely  cold 
winters,  though  some  can  stand  temperatures  as  low  as  50  degrees  below  zero, 
Fahrenheit.  There  is  little  which  can  be  done  to  protect  trees  from  such  cold, 

though  the  trunks  may  be  protected  by  piling  earth  around  them. 

•  A  more  common  form  of  cold  injury  to  temperate  fruits  is  the  killing  ot 
buds,  flowers,  and  young  fruits  by  frost  in  the  spring.  In  such  frosts  the  temper¬ 
ature  may  go  only  a  few  degrees  below  the  danger  point,  and  ordinarily  stays 
low  only  a  few  hours.  Similarly,  subtropical  and  tropical  trees  may  be  damaged 
by  frost  in  winter  or  very  early  spring.  In  the  case  of  some  fruits  like  the  mango, 
the  flowers  may  be  damaged,  while  in  others,  like  the  citrus  fruits  the  tans  may  be 
injured.  Damage  to  the  foliage,  and  even  the  wood,  also  occurs,  n  a  dy 
most  severe  freeze  on  record  in  northern  California,  Hodgson  (1934,  1935)  records 
several  types  of  injury  to  the  wood.  The  bark  was  in  some  cases  killed  and  in 

ground. 
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The  most  common  type  of  frost  is  that  which  occurs  on  clear  calm  nights, 
when  much  heat  is  lost  by  radiation.  ‘Temperature  inversion’  occurs,  there  being  a 
layer  of  warmer  air  above  the  layer  of  cold  air  near  the  ground.  The  period  of 
lowest  temperature  is  ordinarily  very  short,  just  before  dawn.  On  the  other  hand, 
in  most  subtropical  regions  there  are  occasional  invasions  of  large  masses  of  cold 
ai^  commonly  referred  to  as  freezes.  In  this  case  the  cold  is  likely  to  last  longer, 
and  to  be  accompanied  by  wind.  While  freezes  are  not  as  common  as  the  other 
type  of  frost,  they  are  likely  to  be  more  severe. 

Cold  waves  in  northern  India  are  associated  with  the  western  depressions 
which  enter  the  country  at  intervals  of  about  a  week,  as  has  been  pointed  out  by 
Ramdas  (194-0).  These  depressions  cross  the  plains  toward  the  north-east  frontier, 
and  are  at  first  warm  and  moist,  then  cool  and  dry,  with  wind  from  the  north  and 
north-west.  If  an  anticyclone  over  Tibet  and  Mongolia  drifts  toward  Europe  as  one 
of  these  depressions  is  starting,  the  cold  in  northern  India  is  likely  to  be  severe. 


The  severity  of  the  damage  caused  by  frost  depends  not  only  on  actual  tem¬ 
perature,  and  the  duration  of  the  frost,  but  also  on  tbe  condition  of  the  plants.  Young 
plants  are  more  susceptible  to  damage  than  old  ones,  and  new  growth  is  more 
likely  to  be  injured  than  that  which  has  had  time  to  mature.  In  the  freeze  in  Cali¬ 
fornia  referred  to  above,  the  damage  was  the  more  severe  because  it  came  early 
in  the  winter,  following  unusually  warm  weather  which  had  prevented  the  trees 
from  hardening.  On  the  other  hand,  damage  done  by  the  freeze  in  Florida  in  1940 
was  less  than  the  temperatures  caused  growers  to  expect,  because  of  the  very  cool, 
but  not  freezing,  weather  which  preceded  it.  The  nutrition  of  the  tree  seems  to  be 
another  important  factor.  In  the  Florida  freeze,  many  orchards  which  had  been 
suffering  from  deficiencies  in  certain  elements  in  the  soil,  and  had  been  given 
these  elements,  stood  the  frost  better  than  those  which  had  not  been  treated.  Trees 
bearing  heavy  crops,  particularly  of  the  varieties  having  seed,  suffered  more  than 
those  with  light  crops,  probably  because  the  crop  had  reduced  the  mineral  content 
of  the  leaves  and  twigs.  It  has  also  been  recorded  (Anonymous)  that  in  the  severe 
frost  in  1929,  weak  and  diseased  trees  suffered  more  than  those  in  good  health. 


Hodgson  and  others  (1950)  report  similar  findings  with  regard  to  a 
number  of  subtropical  and  tropical  fruit  plants.  Citrus  trees  on  rough  lemon 
rootstock  suffered  more  than  the  same  varieties  on  other  rootstocks,  and  trees 
on  them  own  roots  suffered  more  than  budded  ones,  even  when  the  rootstock  was 

roof,'  T;  3Ck  a®0'"'’  0fle"  °aUSed  by  'ack  of  compatibility  with  the 

a™on  talie  mCreaSl  ,damage-  In  tHe  CaSe  0f  frosls  causcd  ^  radi- 

atmn,  taller  trees  or  anyth, „g  which  interfered  with  radiation  helped  much  and 

-  “■f-d  »■'  - ; i..:.*."  d 


Protection  of  orchards  from  frosts  on  still  nirrV.»-  :  r. 
although  the  most  effective  methods  may  seldom  he  °  '  .'S,  °  .  Pracllcalilc. 

other  countries  orchard  heating  by  meanl  ,f  "  ^  '“"“"“cal  in  this  country.  In 

-  sma^  fires,  is  sometimes  used  in 
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deciduous  orchards,  and  more  often  in  subtropical  orchards,  where  the  nearly 
mature  crop,  on  which  considerable  money  and  effort  has  been  spent,  may  be  in 
danger.  I  robably  the  most  efficient  heaters  are  those  which  burn  oil,  but  coal, 
wood,  and  even  old  automobile  tyres  are  also  used  as  fuel.  There  is  a  consider¬ 
able  expense  involved  in  making  preparations  for  heating,  even  if  the  fires  are 
not  lit.  Heating  of  vineyards  at  Nasik  by  means  of  400  cowdung  and  litter 
fires  per  acre  is  reported  by  Banerji  and  Ramdas  (1946)  to  have  raised  the  tem¬ 
perature  as  much  as  10  degrees  F.  if  the  area  was  well  enclosed  by  windbreaks. 


Another  method  involving  a  large  capital  expenditure  is  the  use  of  ‘wind 
machines’,  large  fans  on  towers,  which  raise  the  temperature  of  the  air  around 
the  treer<  b)y  mixing  the  warmer  air  higher  up  with  the  cold  air  near  the  ground. 

Brooks  and  others  (1950)  state  that  the  combination  of  wind  machines 
and  orchard  heaters  gave  a  gain  in  temperatures  20  to  30%  greater  than  the 
sum  of  the  separate  responses,  and  attributed  this  to  the  horizontal  dispersal  of 
the  heater  stack  convection  heat.  Brooks  and  others  (1951)  state  that  while 
it  is  often  necessary  to  fire  from  25  to  50  heaters  per  acre  when  used  alone,  in 
combination  with  wind  machine  8  to  15  are  usually  sufficient.  They  say  that 
this  is  now  the  accepted  system  for  economical  frost  protection  in  California. 
Actual  expenditure  for  frost  protection  in  Los  Angeles  county  is  given  as  $o.60 
per  acre  per  hour  with  heaters,  $0.55  with  wind  machines,  and  $0.67  (about  Rs. 
3)  with  a  combination  of  heaters  and  wind  machines. 

The  use  of  infra-red  radiation  has  also  been  tried,  and,  according  to  larrall 
and  others  (1946),  is  a  promising  method  of  protecting  low  crops  such  as  straw¬ 
berries  and  vegetables,  having  the  advantage  of  being  almost  as  effective  on  a 
windy  night  as  on  a  still  one.  This  method  is  not  applicable  to  orchards,  as 
the  air  is  not  heated,  but  only  those  portions  of  the  plant  struck  by  the  radia¬ 
tions.  An  oil-heated  apparatus  proved  much  more  economical  than  an  electri¬ 
cal  one. 


The  value  of  irrigating  an  orchard  as  a  means  of  avoiding  frost  is  ques- 
tionable.  In  the  Punjab  publication  referred  to  above,  it  is  stated  that  by  heavy 
irrigation  it  has  been  possible  to  raise  the  temperature  two  to  five  degrees  above 
that  of  an  adjacent  unirrigated  plot.  It  is  not  said  at  what  height  the  temperature 
was  measured.  Ordinarily  such  differences  could  be  secured  only  within  a  few 
feet  of  the  ground.  It  is  said  that  in  the  frost  of  1929,  in  the  freshly  irrigated 
orchards  there  was  less  damage  than  in  unirrigated  ones  but  this  may  have  been 
because  of  the  better  condition  of  the  trees.  On  the  other  hand,  Hodgson  found 
instances  where  the  recently  irrigated  citrus  trees  suffered  more  severely.  Ramdas 
suggests  that  irrigation  is  helpful  in  the  case  of  a  crop  like  wheat,  if  the  frost 
L  of  short  duration,  but  points  out  that  in  case  of  a  frost  lasting  several  days, 
this  causes  the  loss  of  heat  from  the  sun  during  the  day. 

Moist  fairly  compact  soil  without  a  cover  crop,  it  has  been  pointed  out 
fAES  lW),  absorbs  heat  during  the  day  and  gives'  it  off  at  night  Because 
^evaporation,  a  wet  soil  has  little  hea,  to  give  off  during  the  first  week  after 
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a  rain  or  irrigation.  On  the  other  hand,  well-stirred  soil  does  not  absorb  much 
heat  because  of  the  insulation  of  the  air  spaces. 

As  young  plants  are  much  more  subject  to  damage  than  old  ones,  it  is  for¬ 
tunate  that  it  is  much  easier  to  protect  them.  Nursery  stock  is  often  grown  under 
large  trees,  or  is  covered  over  during  the  period  of  danger.  Young  mango  trees, 
and  other  tender  trees  in  the  cooler  parts  of  northern  India  are  often  protected  by 
covering  them  with  stalks  of  fodder,  or  with  gunny  sacking. 


Heat  and  Wind 


The  same  trees  which  are  injured  by  cold  in  the  winter  may  be  injured  l>y 
heat  in  the  summer.  Branches,  leaves,  and  fruits  exposed  to  the  sun  become  much 
hotter  than  the  atmosphere.  Heat  is  generally  more  harmful  when  accompanied  by 
low  humidity  and  by  strong  wind.  This  condition  leads  to  very  rapid  transpira¬ 
tion  and  may  desiccate  the  leaves  and  twigs.  During  the  hot  weather  in  northern 
India,  conditions  are  often  such  as  to  cause  the  maximum  transpiration.  The  ability 
of  plants  to  withstand  such  conditions  varies  greatly  with  the  species.  Again, 

young  trees  are  less  hardy  than  old  ones.  This  is  a  limiting  factor  in  the  case  of 
certain  fruits. 


^  oung  trees  can  be  fairly  easily  protected  by  erecting  light  thatches  over 
them,  or  by  erecting  temporary  mud  walls  around  them,  or  both.  The  provision  of 
adequate  irrigation  is  essential,  but  desiccation  may  take  place  in  spite  of  plenti¬ 
ful  soil  moisture,  as  the  plant  may  be  unable  to  carry  the  water  to  the  leaves 
as  rapidly  as  it  is  transpired.  Certain  tropical  crops  are  interplanted  with  tall 
trees  which  provide  partial  shade,  but  this  is  probably  more  important  in  reduc¬ 
ing  the  intensity  of  the  light  than  in  reducing  the  temperature.  Windbreaks  are 
otten  important  in  avoiding  damage  done  by  hot  winds. 

Sunburn  of  the  leaves,  fruits,  and  bark  is  sometimes  a  serious  factor 

*™m  Th,e70raryf  Shade  trees  alrord  protection  against  damage  of 

his  sort.  The  stems  of  young  trees  are  often  exposed,  and  branches  may  be  in 

be^  shaded°  by6  wrapping^a^ier  ^around  *  the  !L£“  £ 
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found  that  early  spraying  had  a  forcing  effect  and  later  spraying  increased  the 
crop  in  the  current  and  ensuing  years,  and  Jeffery  (1949).  Guthrie  (1941) 
tried  40  substances,  and  was  successful  in  breaking  the  rest  period  of  peach  buds 
with  three  of  them  applied  as  sprays:  CH3C6H4SH,  CsHsCIQTLOH,  and 
CI0H7N02.  Another  type  of  treatment  is  reported  by  Kriel  (1943)  who  in¬ 
jected  a  2£%  solution  of  sodium  thiosulphate  in  an  acid  medium  into  the  branches 
of  various  deciduous  trees,  causing  flower  and  leaf  buds  to  emerge  about 
4  to  6  weeks  after  the  injection.  Hill  and  Campbell  (1949)  review  the  work 
done  on  this  problem,  and  conclude  that  the  best  permanent  solution  lies  in 
breeding  and  selection  for  varieties  which  have  a  very  low  chilling  requirement. 
Considerable  progress  has  been  made  in  such  breeding. 

Strong  winds  not  only  increase  the  damage  done  by  high  or  low  tempera¬ 
tures,  but  are  likely  to  cause  damage  of  themselves,  particularly  to  bearing 
trees.  The  branches  are  broken,  the  fruit  is  blown  off  or  scarred,  particularly 
if  the  tree  is  thorny,  and  even  the  leaves  may  be  whipped  off.  Windbreaks  are 
very  useful  in  lessening  the  force  of  the  wind  and  minimizing  the  damage.  These 
are  rows  of  tall  trees  planted  close  together.  Height  is  more  important  than  thick¬ 
ness,  but  a  tree  with  a  dense  head  is  more  effective  than  one  of  the  same  height 
with  few  branches.  A  windbreak  ordinarily  has  its  maximum  effectiveness  for 
a  distance  about  four  times  as  great  as  its  height,  but  has  some  effect  over  about 
twice  that  distance.  W7here  as  complete  protection  as  possible  is  desired,  wind¬ 
breaks  should  be  planted  at  intervals  in  the  orchard,  as  well  as  along  the  wind¬ 
ward  side.  In  many  cases,  however,  the  orchard  trees  themselves  offer  consider¬ 
able  resistance  to  the  wind,  and  only  one  windbreak  is  necessary. 


The  most  effective  windbreak  is  a  double  row  of  tall  trees,  alternately 
placed.  Allen  (1934)  recommends  a  third  row  of  low  trees,  but  this  means  the 
use  of  extra  soil  with  little  additional  protection.  He  suggests  the  use  of  euca¬ 
lyptus,  shesham,  carambola  ( kamrakh ),  jambolan  ( jaman ),  and  paper  mulberry. 
The  Punjab  Department  of  Agriculture  adds  kikar  (babul),  seedling  mangoes, 
and  jujubes.  The  nim  and  bamboo  are  also  sometimes  used.  Several  of  these 
are  spreading  trees,  and  therefore  require  a  good  deal  of  room. 

In  northern  India  protection  is  needed  primarily  from  the  lu,  and  so  the 
windbreak  should  be  on  the  western  border  of  the  garden.  It  should  ordinarily 
be  planted  at  the  same  time  as  the  orchard,  or  sooner,  and  it  should  be  given 
favourable  conditions  for  rapid  growth.  This  may  include  both  manuring  and 
irrigation.  There  should  be  at  least  as  much  space  between  the  windbreak  and 
the  first  row  of  trees  as  between  the  fruit  trees.  In  order  to  prevent  competition 
between  the  windbreak  and  the  orchard,  a  trench  may  be  dug  about  three  feet 
deep,  not  more  than  ten  feet  from  the  windbreak,  and  all  roots  cut.  This  Irene  i 
may  be  filled  in  and  the  process  repeated  after  about  three  years. 

The  danger  of  damage  from  windbreaks  unless  they  are  very  carefully 
handled  is  illustrated  by  Lombard  (1950A).  Production  records  were  kept  for 
five  years  in  a  25-year-old  lemon  orchard  in  California,  protected  by  a 
break  of  eucalyptus  which  had  been  allowed  to  grow  uncontrolled,  without  root 
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pruning.  Roots  of  the  eucalyptus  were  found  as  far  as  the  sixth  row  approxi¬ 
mately  160  feet  from  the  windbreak.  None  of  the  first  six  rows  produced  as 
much  as  the  poorest  of  the  next  six,  and  the  average  production  per  acre  for  the 
first  six  rows  was  28,535  pounds,  compared  with  38,257  pounds  for  rows 

7  to  12. 

Hail  occasionally  causes  damage  in  many  fruit-growing  regions,  and 
India  is  no  exception.  Hail  is  one  of  the  greatest  hazards  in  the  apple-growing 
regions  in  the  Himalayas,  and  fruits  on  the  plains  also  suffer.  The  papaya  is 
particularly  liable  to  damage,  as  the  fruits  are  ripening  at  a  season  when  hail 
is  not  uncommon,  and  the  thin  skins  of  the  fruits  are  easily  injured.  The  large 
leaves  are  also  likely  to  be  torn.  Severe  storms  in  early  spring  may  knock  off 
many  of  the  leaves  and  fruits  of  the  mango,  and  pit  the  fruits  which  are  left. 
There  is  no  way  of  protecting  the  trees  from  hail.  The  grower  may  protect 
himself  by  insuring  his  orchard  against  hail  damage,  but  this  is  seldom  done.  For 
most  fruit  growers,  as  well  as  other  farmers,  this  is  just  one  of  the  many  factors 
which  make  their  occupation  so  much  of  a  gamble. 

Chapter  vii. 


PRUNING 


Pruning  is  one  of  the  most  ancient  of  horticultural  practices,  and  it  has 
had  an  honourable  but  varied  history.  Old  Testament  writers,  probably  in  the 
eighth  century  B.  C.,  speak  of  a  coming  age  of  peace,  when  men  shall  beat  their 
swords  into  ploughshares,  and  their  spears  into  pruning-hooks.  Christ  refer¬ 
red  to  the  pruning  of  the  vine,  and  it  is  interesting  to  note  that  of  all  the  fruits, 
few  respond  favourably  to  as  heavy  pruning  as  does  the  vine.  The  pruning 
of  the  vine  is  also  referred  to  in  an  old  Greek  legend,  according  to  which  Silenus 
learned  the  value  of  pruning  when  he  observed  that  the  vines  bore  more  fruit  which 
had  been  browsed  by  his  faithful  ass.  Many  later  teachers  of  pruning  have  been 
less  wise  in  their  practice  than  this  first  instructor. 


By  pruning  is  meant  the  removal  of  any  part  of  the  plant,  in  order  that  the 
remaining  parts  may  more  nearly  conform  to  the  pruner’s  desire.  The  object  in 
view  may  be  beauty,  strength,  health,  or  the  quantity  or  quality  of  the  fruit  borne. 
The  parts  most  commonly  removed  are  branches  and  leaves.  The  removal  of  young 
fruits  is  known  as  thinning,  and  will  be  considered  in  the  next  chapter.  Root  prun¬ 
ing  is  also  very  different  in  method  and  effect  from  ordinary  pruning,  and  will  be 
considered  later  in  connection  with  problems  of  fruitfulness. 


In  pruning  fruit  trees  artistic  considerations  must  take  a  secondary  place, 
j  e  obJe«  of  the  grower  is  to  produce  large  amounts  of  marketable  fruit  and  to 
do  so  without  excessive  expenditure.  Pruning  must  therefore  help  to  produce  as 
soon  as  possible  a  tree  capable  of  bearing  large  crops  of  fruit  of  a  desirable  size 

for  in  alT  y-  ‘ime  a  which  can  be  economically  cared 
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It  19  equally  important  that  the  pruner  understand  how  the  tree  will  react 
to  his  work.  ‘It  is  better  to  understand  principles  and  to  be  ignorant  of  rules  of 
practice,  than  to  be  lamiliar  with  the  latter  and  unacquainted  with  the  former’. 

his  statement  of  John  Lindley,  made  with  reference  to  one  form  of  pruning  in 
t  e  middle  of  the  last  century,  is  true  of  all  forms,  and  is  as  true  today  as  when 
he  made  it.  Yet  it  must  be  admitted  that  after  all  these  years,  there  is  much 
with  regard  to  the  principles  of  pruning  which  is  still  very  imperfectly  under¬ 
stood.  Some  basic  facts,  however,  are  quite  clear  and  should  be  thoroughly 
understood  >by  all  who  would  prune  intelligently. 

A  live  tree  is  a  growing  tree.  In  the  case  of  deciduous  trees,  the  life  of  a 
leaf  is  less  than  one  year,  and  in  the  case  of  most  evergreen  trees  it  is  but  little 
longer.  Leaves  are  formed  only  on  new  growth,  so  it  is  obvious  that  if  a  tree 
ceased  to  form  new  branched  for  a  few  years  it  would  be  bare  and  leafless,  and 
therefore  unable  to  maintain  life.  Moisture  and  mineral  nutrients  are  absorbed 
largely  through  the  root  hairs  which  are  found  just  back  of  the  growing  tips  of 
the  roots.  Only  as  the  roots  continue  to  grow  can  they  perform  their  function 
of  absorption.  The  absorbed  material  is  conveyed  to  the  leaves,  where  by  the 
process  of  photosynthesis  it  is  combined  with  carbon  taken  in  from  the  air,  to 
form  the  materials  from  which  the  growing  parts  are  made.  The  branches  and 
leaves  depend  on  the  roots  for  water  and  minerals,  and  the  roots  depend  on  the 
leaves  for  elaborated  food.  It  is  thus  obvious  that  anything  which  affects  one 
part  of  the  tree  affects  all  the  parts. 

In  a  normal  tree  there  is  a  balance  between  the  top  and  the  root.  When  any 
part  is  removed,  that  balance  is  disturbed.  If  part  of  the  root  is  removed,  the 
supply  of  water  is  decreased  and  growth  is  slowed  down  until  new  roots  grow  to 
replace  the  part  lost.  On  the  other  hand,  if  part  of  the  top  is  removed,  root 
growth  seems  to  be  inhibited  until  new  branches  take  the  place  of  those  removed. 
The  invigorating  effect  of  pruning  has  often  been  noticed,  and  is  mostly  limited 
to  the  region  of  the  cut.  This  vigorous  growth,  however,  does  not  ordinarily 
make  up  for  the  loss  sustained  in  the  pruning.  By  reducing  the  amount  of  leaf 
surface,  it  decreases  the  amount  of  food  which  is  elaborated  with  the  result  that 
the  growth  of  the  whole  tree  is  somewhat  checked.  Pruning  is  therefore  seen  to 
be  a  dwarfing  process,  whether  the  part  removed  is  above  or  below  ground. 

This  dwarfing  effect  is  noted  not  only  on  the  tree  as  a  whole,  but  particularly 
on  the  part  pruned.  If  two  branches  are  of  equal  size,  and  one  is  pruned  more 
heavily  than  the  other,  the  lightly  pruned  branch  will  become  the  larger,  both  in 
length  and  in  diameter. 

When  a  tree  bears  a  heavy  crop  of  fruit,  this  uses  up  large  amounts  of  food 
material,  and  may  so  exhaust  the  reserves  as  to  interfere  with  growth.  If  by  prun¬ 
ing,  a  considerable  part  of  the  bearing  area  is  removed,  the  crop  of  fruit  is  re¬ 
duced  and  the  dwarfing  effect  of  the  heavy  crop  may  be  avoided.  In  such  cases 
the  net  effect  of  pruning  may  be  to  dwarf  (the  tree  little  if  at  all. 

Pruning  may  affect  fruitfulness  in  another  way.  For  either  growth  or  fruit 
production,  an  adequate  supply  of  both  carbohydrates  and  nitrogen  is  necessary. 
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If  the  proportion  of  nitrogen  is  relatively  high,  vegetative  growth  tends  to  follow; 
if  carbohydrate  is  relatively  high,  fruitfulness  may  be  expected.  Pruning,  by  re¬ 
moving  leaves  in  which  carbohydrate  is  photosynthesized,  decreases  the  relative 
amount  of  carbohydrate,  and  thus  tends  toward  a  vegetative  condition.  If  the 
pruning  is  severe  it  may,  for  the  time  being,  prevent  the  formation  of  flower  buds. 
If,  for  any  reason,  a  bearing  tree  is  very  severely  pruned,  it  is  likely  to  bear  no 
fruit  for  several  years.  Such  severe  pruning  is  not,  however,  commonly  practis¬ 
ed  on  mature  trees.  It  is  probable,  however,  that  some  growers  delay  the  bear- 
ing  of  young  trees  by  unnecessarily  severe  pruning. 

It  would  seem,  then,  that  pruning  is  a  dangerous,  if  not  a  harmful  practice. 
On  the  other  hand,  a  certain  amount  of  pruning  is  necessary  in  order  to  form  a 
strong  tree,  capable  of  bearing  heavy  crops,  and  to  keep  the  tree  in  a  shape  which 
prevents  orchard  operations  from  becoming  too  difficult.  In  some  cases,  if  the 
tree  is  not  pruned,  it  prunes  itself  by  shading  certain  branches  to  the  extent  that 
they  die.  Judicious  pruning  may  increase  the  size  of  the  fruit,  and  in  the  case 
of  highly  coloured  fruits,  improve  the  colour  by  allowing  more  sunlight  to  reach 
the  fruit.  Pruning  should  be  looked  upon  as  a  necessary  evil,  and  should  be 
kept  to  the  minimum  which  experience  has  shown  will  produce  the  desired  results. 

Pruning  may  be  divided  into  two  parts,  the  training  of  young  trees  and  the 
maintenance  of  mature  trees.  The  objects  sought  at  the  two  stages  are  different, 
and  the  methods  used  naturally  vary. 

Training  the  Young  Tree 

The  training  of  the  young  tree  may  frequently  be  begun  in  the  nursery, 
ough  some  sorts  are  ordinarily  not  pruned  until  the  time  of  transplanting.  This 
will  depend  on  the  nature  of  the  tree,  and  on  the  age  at  whieh  it  is  planted  in  its 
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Zy  SlemS’  a"  bUt  °"e  °f  WWch  Sh°uld  »<=  removed  as  soon  « 

e«  is  ^ 

1  lhe  a  Sr 

.0  be  three  or  four  L  from  [hi  grid”' ^  ZZyl **  f  fir8t  ' 

animals  may  be  driven  under  ^branches.  F  ^  Pnined  s0  high  tha< 

cutting  off  many  branches,  and  lhu«  has  a  distinctl  c""  '  b'8b  beads  ‘"volves 

lrCeS  t  -*  -»*-  as  pruning 

which  ease  i/is  nte^Vto\eadSrthImqback’,a11  be!,0re  be"inni,1g  t0  branch,  in 

the  '«P  <>f  ^  shoot  is  removed!  JeraT  bud  Ztl  V™  Wba" 

gin  to  grow,  the  topmost  of  which  venerallv  ,  ,b  w  the  cut  are  likely  to  be- 

Ihe  part  removed.  On  the  other"  hand  L  gh  8  Up  and  takes  the  place  of 

Very  low,  and  it  is  only  necessary  to  select  ,treeS  nalurally  begin  to  branch 

y  select  the  branches  it  is  desired  to  keep. 
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The  formation  of  the  main  framework  of  the  tree  is  the  most  important  part 
of  training.  This  can  well  consist  of  from  three  to  five  branches.  These  should 
extend  in  different  directions,  so  as  to  form  a  well-balanced  tree.  It  is  extremely 
important  that  the  framework  be  strong,  so  that  when  heavily  loaded  with  fruit 
the  tree  may  not  break  to  pieces.  Especially  in  some  species,  there  is  a  ten¬ 
dency  for  branches  to  split  away  from  the  trunk,  oi  from  larger  branches.  This 
causes  wounds  which  are  difficult  to  heal,  as  well  as  leaving  large  open  spaces  in 
the  trees  This  can  be  largely  avoided  by  careful  training  of  the  main  branches. 
Splitting  is  especially  likely  where  several  branches  arise  at  or  near  one  place. 
By  spacing  the  branches  six  inches  or  more  apart,  vertically,  the  framework  is 
greatly  strengthened.  Another  danger-point  is  a  crotch  formed  by  two  branches 
of  equal  size.  If  one  branch  is  distinctly  larger  than  the  other,  it  tends  to  grow 
out  around  the  smaller  branch,  holding  it  firmly  in  place.  The  wider  the 
angle  of  the  crotch,  the  stronger  it  will  be,  and  extremely  narrow  angles  are 
therefore  to  be  avoided. 


ones 


as 


In  many  unpruned  trees,  the  largest  branch  grows  upward,  smaller  . 
growing  out  from  it  in  various  directions.  Such  a  tree  is  physically  strong,  but  __ 
an  orchard  tree  it  has  disadvantages.  It  is  likely  to  become  so  tall  as  to  make 
pruning,  spraying  and  particularly  harvesting,  very  difficult  and  expensive.  The 
lower  branches  are  sometimes  so  shaded  that  they  die.  In  certain  fruits,  such 
as  some  apples,  bright  coloured  fruit  is  desired,  and  this  develops  only  when 
sunshine  can  reach  it.  Much  of  the  fruit  on  such  trees  is  borne  in  the  shade, 
and  fails  to  develop  a  good  colour.  This  type  of  tree,  known  as  the  central 
leader  type,  was  formerly  common  in  orchards,  but  on  account  of  its  disadvan¬ 
tages,  it  has  been  largely  given  up. 

For  a  time,  orchardists  went  to  the  opposite  extreme,  and  developed  a  type 
of  tree  known  as  the  open  centre  or  vase  shaped.  As  the  name  indicates,  no 
branch  was  allowed  to  grow  vertically  above  the  point  where  the  tree  was  headed. 
A  number  of  branches  arose  from  this  point,  and  were  trained  to  form  a  large 
bowl  or  vase.  This  type  of  tree  allows  a  maximum  of  sunshine  to  reach  eac 
branch,  but  it  can  be  maintained  only  by  rather  heavy  pruning,  and  it  has  the 
fatal  disadvantage  of  structural  weakness. 

The  present  tendency  is  toward  a  type  of  tree  which  is  a  compromise  be¬ 
tween  the  above  types,  and  which  is  called  the  modified  central  pleader  or  modi¬ 
fied  open  centre.  In  this  the  framework  branches  are  well  spaced,  and  the  up 
permost  one,  while  being  allowed  to  grow  more  or  less  vertically,  is  not  al  owed 
td  become  much  larger  than  the  others.  This  produces  a  strong  moderately 
spreading  tree,  which  still  allows  plenty  of  light  to  reach  all  parts.  A  g 

amount  of  pruning  is  not  necessary  to  train  a  tree  into  this  shape. 

If  a  tree  branches  freely  naturally,  or  upon  being  headed  back,  the  frame¬ 
work  branches  may  be  selected,  and  all  others  removed.  If  on  heading  back  only 
the  top  few  buds  grow,  it  may  be  necessary  to  let  one  o -  these :  gr  J’ 

and  after  some  months  head  it  back  so  that  more  buds  will  grow  If  necessary 
this  process  can  be  repeated  again.  In  heading  species  which  reac  Y< 
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the  first  cut  should  be  lower  than  with  those  in  which  a  large  number  of  buds 
grow. 

After  the  framework  branches  are  started,  comparatively  little  pruning  is 
needed.  If  two  branches  forming  a  crotch  tend  to  be  equal,  one  may  be  re¬ 
moved  entirely,  or  may  be  pruned  back.  This  will  allow  the  unpruned  branch  to 
grow  more  rapidly  and  become  permanently  the  larger.  In  vigorously  growing 
young  trees,  branches  may  grow  long  and  thin.  If  left  alone  such  branches  later 
bend  or  break.  They  should  therefore  be  headed  back  and  forced  to  branch.  If 
this  is  done  by  nipping  off  the  end  of  the  growing  branch,  very  little  wood  is 
sacrificed.  The  main  limbs  may  be  allowed  to  branch  naturally,  except  that 
equal  crotches  are  to  be  avoided,  and  branches  which  would  cross  others  should 
not  be  allowed  to  grow. 

It  has  generally  been  considered  best  to  form  the  framework  as  early  as 
possible,  but  experiments  indicate  that  in  some  cases  at  least  this  may  well  be 
left  until  later.  Bioletti  (1922)  found  that  young  olive  trees  left  unpruned 
until  they  came  into  commercial  bearing  at  five  or  six  years  of  age  not  only  grew 
more  rapidly  and  bore  fruit  earlier,  but  also  had  a  more  desirable  form,  as 
compared  with  trees  pruned  according  to  common  practice.  Much  more  ex¬ 
perimental  work  on  Indian  fruits  is  necessary  before  definite  recommendations 
can  be  made  with  any  assurance. 


The  amount  of  pruning  which  is  desirable  for  mature  trees  differs  in 
different  species.  The  minimum  which  is  common  to  all  is  the  removal  of  bro¬ 
ken  or  badly  diseased  branches,  and  of  those  which  rub  against  others  in  such 
a  way  as  to  wear  the  bark  off  both.  The  jagged  ends  of  broken  branches  can¬ 
not  heal  over,  and  sooner  or  later  decay,  allowing  the  decay  organisms  to  enter 
the  unbroken  branches  also.  A  diseased  branch  left  in  the  tree  may  be  a  per¬ 
ennial  source  of  infection  and  should  be  removed.  But  in  some  cases  so  many 
branches  are  diseased  that  to  remove  them  all  would  ruin  the  tree.  In  addition, 
it  is  often  desirable  to  thin  out  the  branches  in  order  to  allow  more  light  to  enter 
the  heart  of  the  tree.  If  the  secondary  branches  a*  numerous,  they  may  grow 
long  and  straight,  with  no  twigs  until  near  the  end,  in  which  case  fruit  bearing 
is  limited  to  the  extremities.  In  order  to  let  light  into  the  tree,  it  is  better  to 
remove  a  few  of  the  larger  branches  entirely,  so  that  those  which  are  left  may 
be  allowed  to  branch  naturally.  If  trees  are  kept  fairly  open,  in  many  kinds 
run  will  set  in  the  centre  of  the  tree  as  well  as  on  the  outside,  and  this  inner 
Irui)t  is  protected  from  sunburn  and  the  attack  of  birds. 


i  species  “em  to  reclulre  3  largcr  amount  of  pruning,  or  at  least  to 

bear  well  in  spite  of  heavy  pruning.  This  is  particularly  true  in  the  case  of 

frmts  which  bear  near  the  ends  of  branches  of  the  current  season’s  growth  Un- 
less  pruned  rather  severely,  such  trees  tend  bear  at  the  end  of  Ion.  branches 
which  are  therefore  likely  to  bend  or  break  Whpr*>  iw  v  ^ 

.i.hou,  .educing  the  unutunt  cl  fruit,  j.  is  *  c"  T  '  P  ’ 
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In  other  cases,  annual  pruning  may  well  be  very  light,  but  after  some 

vegetative^  ."T  *°  ,  PrUne  °the™ise  the  tre*s  ™>y  I«* 

getative  vigour  and  make  very  little  growth.  The  size  of  the  fruit  is  likely 
o  become  small,  and  eventually  the  tree  may  practically  cease  bearing.  In 

work  r\heaVy  rfneWa,  P?nin8’  iS  desirable-  Often  only  the  main"  frame- 
work  branches  are  left,  all  others  being  removed,  but  generally  somewhat  less 

drastic  action  ,s  sufficient.  For  a  year  or  two  after  severe  pruning  there  is 
be^<«£)pected^etatlVe  gr°Wth’  and  then  another  Period  of  satisfactory  bearing  may 


Pruning  Tools 

Many  tools  have  been  devised  for  pruning  but  the  ordinary  grower  can  get 
along  well  with  a  very  few.  Pruning  tools  may  be  divided  into  knives,  shears 
and  saws.  The  standard  pruning  knife  is  of  fairly  heavy  construction,  with  a 
curved  blade.  It  should  be  made  of  high-grade  steel,  and  for  convenience  should 
have  a  folding  blade.  The  pruning  hook,  used  mainly  for  bramble  fruits,  is  a 
modification  of  the  pruning  knife,  having  a  long  handle. 

The  hand  shear  or  secateur  may  be  had  in  a  variety  of  forms.  Simple  con¬ 
struction,  a  good  spring  not  likely  to  fall  out  and  be  lost,  and  good  material,  are 
the  most  important  points  on  which  to  base  selection.  The  lopping  shear,  or 
lopper,  has  handles  about  two  feet  long,  of  wood,  with  a  heavy  blade  which  in 
the  better  patterns  is  shaped  much  like  that  of  the  hand  shear.  It  is  designed 
for  pruning  larger  branches  than  the  hand  shear.  The  blades  should  be  fasten¬ 
ed  together  with  a  bolt  and  locknut,  to  allow  adjustment,  rather  than  with  a  rivet. 
Unless  the  steel  is  very  good,  such  shears  ‘spring’  so  that  the  blades  do  not  come 
together  closely,  and  the  shanks  bend  so  that  the  handles  come  too  nearly  to¬ 
gether,  causing  the  operator  to  knock  his  knuckles  together.  Pole  shears,  with  a 
sharp  blade  fitting  into  a  curved  guard,  are  opened  and  closed  by  means  of  a 
heavy  wire  or  cord  leading  from  the  blade  to  a  lever  on  the  handle,  the  length  of 
which  varies. 

Many  types  of  saws  are  on  the  market,  several  of  which  are  Iv'ghly  de¬ 
sirable.  One  useful  type,  especially  for  large  branches,  closely  resembles  the 
carpenter’s  saw.  For  lighter  work,  a  narrower  saw  is  satisfactory.  Those 
with  curved  blades  are  especially  convenient.  A  tapered  saw  with  an  adjust¬ 
able  and  replaceable  blade,  makes  it  possible  to  cut  in  a  plane  different  from  the 
one  in  which  the  saw  is  held,  and  is  particularly  desirable  for  work  in  narrow 
crotches.  The  teeth  of  pruning  saws  are  set  to  cut  as  the  saw  is  drawn  toward 
the  operator.  Double-edged  saws  are  sold  to  those  who  are  so  foolish  as  to 
buy  implements  which  are  likely  to  injure  both  the  tree  and  the  pruner.  Less 
dangerous,  but  equally  useless  is  the  pole  saw,  for  it  is  impossible  to  make  a 
good  cut  with  such  an  instrument. 

A  number  of  combination  instruments  are  offered  by  manufacturers,  such 
as  combined  saws  and  shears.  These  and  other  fancy  instruments  are  designed 
for  sale  rather  than  for  use.  They  have  no  place  in  the  orchard. 
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The  ordinary  fruit  grower  will  not  wish  to  buy  all  even  of  the  desirable 
types  of  pruning  tools.  While  there  are  occasions  on  which  the  grower  may 
well  use  both  hand  shears  and  pruning  knife,  he  can  get  along  with  one  or  the 
other.  An  ordinary  pocket-knife  makes  a  fairly  satisfactory  substitute  for  the 
pruning  knife.  The  work  done  by  lopping  shears  may  be  done  with  hand  shears 
plus  a  saw.  In  fact,  some  pruners  prefer  not  to  use  loppers,  feeling  that  bet¬ 
ter  work  can  be  done  with  a  saw  on  branches  too  large  to  be  pruned  with  hand 
shears.  On  the  other  hand,  the  use  of  loppers  greatly  increases  the  speed  of 
pruning,  and  if  they  are  kept  sharp  and  used  carefully,  satisfactory  work  is 
done.  They  are  especially  convenient  in  pruning  thorny  trees.  The  tempta¬ 
tion  to  use  them  for  larger  branches  than  they  are  intended  for  should  be  shun¬ 
ned.  Most  loppers  are  intended  for  branches  of  not  more  than  one  inch  diameter. 
At  least  one  saw  is  necessary  in  any  set  of  pruning  tools.  If  the  pruning  programme 
calls  for  the  heading  back  of  small  branches  which  cannot  be  reached  from  the 
ground  with  hand  shears,  pole  shears  are  desirable,  as  they  save  much  time.  Other¬ 
wise  the  use  of  a  ladder  is  necessary. 


Several  general  rules  should  be  observed  in  pruning.  If  a  branch  is  cut 
back  but  not  entirely  removed,  several  buds  near  the  end  of  the  part  remaining 
are  likely  to  grow  whereas  if  the  branch  is  removed  entirely  at  the  point  where 
it  leaves  another  branch,  the  stimulus  to  growth  is  transferred  to  the  othei 

hrr2La'  eaMVry  'arge'r  If  *  iS  desired  10  °Pe"  “P  a  •«.  therefore, 
branches  should  be  thinned  out  rather  than  headed  back.  Short  stubs  should 

never  be  left,  as  these  do  not  heal,  and  eventually  they  decay,  and  allow  decay 
braTclTuM  iT'  °f.'he  'ree',  Hea,inS  is  most  rapid  if  the  cut  is  parallel  to  thl 
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branch  will  nearly  always  break  beforP  th  -  ^  c  ,  ,  made  fr°m  above’  the 
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prevents  the  cut  from  being  close  to  the  limb  “which  is  being  1^’  a"d  *  a'S° 
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to  protect  the  tree  from  infection  until  healing  is  completed.  These  efforts  have 
met  with  only  partial  success.  Most  coverings  which  have  been  used  give  only 
partial,  or  temporary  protection.  Most  paints  soon  crack  and  allow  the  entrance 
of  organisms  which  find  favourable  conditions  for  growth  at  the  bottom  of  the 
cracks. 

Ordinarily  there  is  little  danger  from  pathogenic  organisms  entering  prun¬ 
ing  wounds,  but  where  certain  diseases  are  present,  it  is  advisable  to  disinfect  the 
wound.  Bordeaux  paste  is  commonly  used  for  this  purpose.  It  needs  to  be  re¬ 
newed  frequently  or  followed  by  some  more  permanent  covering.  When,  as  is 
more  common,  only  saprophytic  organisms  are  present,  there  is  no  danger  for 
a  year  or  more.  During  this  time  small  wounds  will  ordinarily  heal.  The 
common  practice  of  neglecting  such  wounds  is  thus  justified.  It  is,  however, 
probably  a  good  practice  to  paint  wounds  more  than  two  inches  in  diameter. 
This  painting  can  safely  be  delayed  a  year  after  pruning,  and  is  probably  more 
effective  after  the  wound  has  dried  out.  Most  substances  used  delay  the  pro¬ 
cess  of  healing  if  applied  before  the  bark  has  started  to  cover  the  wound.  In 
the  case  of  large  wounds,  it  may  be  necessary  to  repaint  after  a  few  years.  Graft¬ 
ing  wax  is  a  fairly  satisfactory  covering,  and  certain  commercial  preparations 
are  even  better.  Of  the  various  paints,  white  lead  is  perhaps  the  best. 

Chapter  viii. 

PROBLEMS  OF  FRUITFULNESS 


Among  the  most  perplexing  problems  confronting  the  fruit  grower  are 
those  dealing  with  fruitfulness.  Why  does  one  tree  fail  to  bear,  while  another 
tree  of  the  same  kind,  under  similar  conditions  and  with  similar  treatment,  pro¬ 
duces  a  heavy  crop?  What  are  the  fundamental  conditions  within  the  plant  which 

make  it  bloom  and  bear  fruit?  Much  study  has  been  devoted  to  these  questions, 

but  no  clear  and  definite  answer  can  yet  be  given. 

In  many  plants,  vigorous  vegetative  growth  and  fruitfulness  seem  to  be  an¬ 
tagonistic.  It  is  a  common  observation  that  young  plants  grow  much  more 

rapidly  before  they  begin  to  bear  fruit  than  they  do  afterward.  On  the  other 

fiandy  an  extreme  lack  of  vigour  is  also  accompanied  by  a  failure  to  produce 
fruit,  though  a  sudden  severe  check  to  a  tree  which  has  been  vigorous  may  cause 
it  to  bear  a  very  heavy  crop.  It  is  sometimes  seen  that  a  plant  bears  an  unusual¬ 
ly  large  number  of  fruits  just  before  it  dies. 

Chemical  studies  of  plant  tissue,  as  well  as  fertilizer  experiments,  have  shown 

the  close  relationship  of  abundant  nitrogen  with  vegetative  growth.  In  the  same 
way,  the  presence  of  large  amounts  of  carbohydrate  in  the  tissues  of  the  plant  accom¬ 
panies  fruitfulness.  In  a  well-known  experiment  with  the  tomato,  Kraus  and  Kray- 
bill  (1918)  found  that  plants  deficient  in  either  nitrogen  or  carbohydrate  were  weak 
in  growth  and  unfruitful,  those  with  an  abundance  of  both  were  vigorous  but  un- 
fruitful,  while  those  with  an  abundance  of  carbohydrate  and  a  smaller  amount  of 
nitrogen  were  fruitful,  but  less  vegetative.  Other  work  has  established  the 
of  the  amounts  of  carbohydrate  and  nitrogen  present  to  the  bearing  of  fruit  • 
Some  writers  have  reduced  this  to  a  question  of  the  carbohydrate-nitrogen  ratio, 
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but  the  total  amounts  are  also  important.  It  would  seem  that  for  fruit  bud  forma¬ 
tion  it  is  necessary  to  have  present  in  the  tissues  of  the  plant  a  fair  amount  of  nitro¬ 
gen,  and  a  relatively  larger  amount  of  carbohydrate.  It  is  possible  that  the  actual 
factors  causing  fruit  bud  formation  may  be  some  particular  carbohydrate  or  nitro¬ 
gen  compounds,  or  other  substances,  but  the  total  carbohydrate  and  nitrogen  seem 
to  be  a  fair  measure  of  the  factors,  whatever  they  may  be.  It  should  be  remembered, 
however,  that  carbohydrate  is  manufactured  in  the  leaves,  and  a  plentiful  supply 
depends  on  ample  healthy  leaves,  which,  in  turn,  depend  on  a  sufficient  supply  of 
nitrogen.  It  is  probable  that  failure  to  bear  well  because  of  too  much  nitrogen  is 
very  rare  in  India. 

If  a  tree  fails  to  bear  a  satisfactory  crop,  this  may  be  due  to  lack  of  flowers, 
or  it  may  be  caused  by  the  failure  of  the  flowers  to  develop  into  fruits.  The  phys¬ 
iological  condition  of  the  tree  may  affect  both.  It  is  thus  clear  that  fruit  production 
may  be  controlled  at  the  time  fruit  buds  are  differentiated  from  vegetative  buds, 
as  well  as  when  the  flowers  and  young  fruits  are  on  the  tree.  It  is,  then,  of  interest 
to  know  when  fruit  bud  differentiation  takes  place,  but  unfortunately  this  knowl¬ 
edge  has  not  been  secured  for  all  fruits.  In  the  apple,  and  many  other  temperate 
fruits,  it  is  known  to  occur  early  in  the  summer  previous  to  the  opening  of  the  buds. 
If  conditions  are,  unfavourable  at  that  time,  no  amount  of  effort  in  the  autumn  or 
early  spring  will  secure  a  good  crop.  On  the  other  hand,  in  some  tropical  and  sub¬ 
tropical  fruits,  flowering  may  be  affected  by  treatment  immediately  preceding  it, 
as  bud  differentiation  does  not  cease,  at  least,  until  just  before  the  buds  open. 

In  the  case  of  the  Langra  mango  in  Bihar,  Sen  and  Mallik  (1941)  found  that 
differentiation  began  late  in  September  or  October,  when  there  is  a  sharp  reduction 
in  the  temperature,  and  continued  until  the  middle  of  November.  On  the  other  hand, 
chemical  conditions  favouring  flower  bud  differentiation  must  be  present  somewhat 
earlier,  for  it  is  frequently  noticed  that  the  first  growth  made  by  mangoes  grafted  in 
the  monsoon  season  is  an  inflorescence.  Sen  (1942  C)  reports  that  in  a  year  of  very 
eavy  flowering,  out  of  1,102  grafts  on  two-year-old  rootstock,  20  produced  panicles 
trom  the  stock  as  well  as  from  the  scion,  and  four  set  fruit.  Panicles  arising  from 
the  scion  have  also  been  observed  at  Allahabad.'  As  seedling  plants  never' flower 
at  such  a  young  age,  the  stimulus  must  come  from  the  scion,  which  indicates  that 
a  hormone  is  probably  involved.  Sen  (1945)  failed  to  induce  any  flowering  on 
seedlings  by  ringing,  or  by  inarching  one  seedling  on  another.  Fifty  seedlings  were 

its3  W  e  ,CaSf  rith  rinSed  and  unri"sed  branches  of  ,he  Fazli  variety  in 
its  on  year,  and  of  Langra  in  its  ‘off’  vear  All  nr  „  ' Y 

flowered,  and  32  of  the  rootstocks,  while  of  the  unringed  sdons"  27  flower  d^"^ 

Z  1°0  :frS,°-kS-  ,0f  ,he  L7Sr3’  32  ringed  sci0ns  a"d  10  rootstocks  flowered 
n  unnnged  scions,  but  no  rootstock.  Musahib-ud-din  (1946  f A 
■hat  the  Punjab  differentiation  was  somewhat  earlier  takin  "  1  ,  ? 

middle  of  August  until  the  end  of  October  for  all  fl.islj  °  ,  r°m  the 

which  case  it  extended  into  November.  *  that  °f  in 

occurs  m  the  in tT  **"  ‘T  "  ^rentiation 

growth  in  the  spring  or  the  resumption  of  growth  follow- 
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ing  a  period  favourable  to  the  accumulation  of  reserve  food.  Randhawa  and  Dinsa 
(1947B)  found  that  at  Lyallpur  differentiation  in  the  case  of  the  sweet  orange  and 
sweet  lime  began  with  the  advent  of  growth  in  the  spring.  In  the  orange  but  not 
the  lime,  more  flower  buds  differentiated  on  the  early  flushes  than  on  late  ones. 
Ahmad  and  Khan  (1950)  found  that  in  the  sour  lime  also,  more  flower  buds  differ¬ 
entiated  on  the  earlier  flushes  in  the  spring.  Ahmad  and  Khan  (1951)  found  that 
in  the  grapefruit,  differentiation  takes  place  along  with  growth,  in  the  latter  half 
of  February  in  the  Punjab.  In  more  detail,  West  and  Barnard  (1935)  state  that  in 
two  varieties  of  the  sweet  orange,  the  terminal  flower  primordia  differentiate  when 
the  shoot  is  about  to  emerge,  while  axillary  flowers  differentiate  when  the  shoot  is 
about  a  fourth  of  an  inch  long. 

During  the  part  of  the  year  when  the  leaves  are  on  the  tree,  but  growth  is 
not  active,  carbohydrate  is  either  used  in  the  formation  of  fruit,  or  is  stored.  When 
nitrogen  is  present  in  abundance,  and  other  conditions  are  favourable,  continued 
growth  may  take  place  instead  of  storage.  This  in  turn  may  result  in  conditions 
unfavourable  to  flowering. 

Efforts  to  induce  fruitfulness,  in  addition  to  those  which  make  for  the  general 
health  of  the  tree,  are  mainly  intended  to  increase  the  amount  of  carbohydrate  pres¬ 
ent  in  the  tissues,  in  so  far  as  these  are  reasoned  and  not  merely  rule-of-thumb  prac¬ 
tices.  They  fall  into  two  classes,  those  which  tend  to  diminish  growth,  and  those 
which  interfere  with  the  passage  of  organic  compounds  into  the  roots  of  the  tree, 
and  thus  result  in  a  concentration  of  them  in  the  top. 

Root  pruning  is  the  method  of  inducing  fruitfulness,  or  determining  the  time 
of  flowering,  most  commonly  used  in  India.  The  practice  varies  in  different  parts 
of  the  country,  and  with  different  fruits,  but  the  general  effect  is  much  the  same. 
The  operation  is  generally  accompanied  by  the  drying  out  of  the  soil.  From  two 
to  four  months  before  the  trees  are  expected  to  flower,  irrigation  is  withheld.  The 
soil  often  dries  out  to  the  extent  that  part  or  all  of  the  leaves  drop.  About  a  month 
before  the  flowering  season,  certain  of  the  larger, roots  are  exposed,  and  the  smaller 
roots  are  removed.  In  some  cases  this  is  done  in  a  circle  with  a  radius  of  about 
two  feet,  around  the  trunk  of  the  tree,  the  earth  being  removed  to  a  depth  of  from 
four  to  six  inches.  Sometimes  the  section  dug  is  a  band  around  and  just  beyond  the 
tips  of  the  branches.  Some  writers  seem  to  recommend  the  removal  of  several  inches 
of  soil  from  the  trunk  right  out  to  the  skirt  of  the  tree.  Another  type  of  pruning 
involves  the  digging  of  a  trench  two  and  a  half  to  three  feet  deep  at  the  skirt  of  the 
tree,  and  cutting  all  roots  which  cross  it.  The  most  severe  type  of  pruning  advocat¬ 
ed  in  the  literature  is  that  recommended  by  Davies  (1918)  for  citrus  fruits  in 
Uttar  Pradesh.  His  recommendation  that  one-third  of  the  thicker  descending  roots 
be  cut  can  scarcely  be  taken  seriously.  Aside  from  the  severe  nature  of  the  pruning, 
the  difficulty  of  accomplishing  it  makes  it  impracticable.  At  the  other  extreme, 
ploughing  results  in  a  certain  amount  of  pruning  of  the  smaller  roots. 

Some  weeks  after  the  exposure  and  pruning  of  the  roots,  fresh  soil,  or  the 
old  soil  mixed  with  manure,  is  put  around  the  roots,  and  they  are  irrigated,  light  y 
at  first,  and  after  a  few  days,  more  heavily.  Or  where  irrigation  is  not  practised, 
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the  covering  of  the  roots  is  done  shortly  before  rain  is  expected  at  the  beginning 
of  the  monsoon.  The  trees  respond  by  putting  out  new  leaves,  and  blossoming 
freely. 

Theory  of  Root  Pruning. 

Little  attempt  has  been  made  to  explain  the  effect  of  root  pruning  in  the  litera¬ 
ture  on  the  subject.  It  would  seem  that  for  the  most  part  it  is  practised  in  India 
because  it  is  the  custom,  and  gains  the  desired  end,  without  questioning  whether  it 
is  the  best  way  of  gaining  that  end.  The  nearest  to  an  explanation  which  is 
ordinarily  attempted  is  the  statement  that  it  allows  the  tree  to  rest,  and  that  this 
rest  period  must  precede  fruiting.  As  it  is  admitted  by  a  number  of  writers  that  root 
pruning  has  a  harmful  effect  on  the  tree,  it  would  seem  wise  to  consider  the  exact 
effect,  and  whether  this  could  be  accomplished  in  some  other  way.  If  root  pruning 
is  the  best  way  of  accomplishing  the  object,  then  it  should  be  known  what  degree 
of  pruning  is  sufficient.  More  severe  treatment  than  is  needed  should  certainly  be 
avoided. 

When  vegetative  growth  is  stopped  by  root  pruning,  it  seems  certain  that 
the  amount  of  carbohydrate  in  the  tree  increases,  for  the  process  of  photosynthesis 
continues  and  very  little  material  is  used  up  in  growth.  The  amount  of  nitrogen 
absorbed  by  the  root  is  also  decreased.  Thus  conditions  are  brought  about  which 
are  known  to  accompany  fruitfulness.  A  light  irrigation  then  provides  a  sufficient 
stimulus  to  cause  the  tree  to  burst  into  bloom,  whereas  a  heavy  irrigation  might  be 
expected  to  cause  such  a  sudden  increase  in  nitrogen  as  to  produce  more  vegetative 
growth  than  bloom.  Just  prior  to  the  fall  of  the  leaves,  most  of  the  carbohydrate 
in  them  may  be  transferred  to  the  stem,  thus  further  increasing  the  concentration 
around  the  buds.  This  theory  does  not  explain  the  supposed  advantage  of  pruning 
the  roots  after  the  leaves  have  fallen,  or  of  causing  leaf-fall  much  before  the 
new  growth  starts.  It  is,  of  course,  possible  that  some  chemical  change  takes 
place  after  the  falling  of  the  leaves,  which  favours  fruitfulness.  Some  would 
argue  from  the  analogy  that  deciduous  fruits  blossom  immediately  after  the  dor¬ 
mant  period,  but  it  must  be  remembered  that  the  dower  buds  differentiate  durin- 
the  previous  summer,  when  the  leaves  are  on  the  tree,  though  after  active  growth 


In  some  cases  at  least,  vegetative  growth  can  be  sufficiently  checked  by 
allowing  the  soil  to  dry  out,  and  this  is  probably  less  harmful  to  the  tree  than 
root  pmnmg.  Even  dry.ng  ou,  will  cause  the  death  of  many  of  the  smaller  roots 
but  the  lo*  will  he  less  than  with  pruning.  In  either  case  there  is  both  the  direct’ 
oss  of  roots,  and  the  slow.ng  down  of  growth.  If  practised  on  youn*  trees 
the  decreased  size  of  the  tree  may  be  of  some  importance  T  ,  }  b  ,  ’ 

ever,  the  damage  is  greater.  Cheema  and  Bhat  (1928)  state" thT™^  7' 
quently  torn,  and  that  they  begin  to  rot  and  that  *1.  t  T  7  fre‘ 
nation  of  drought  and  waterlogged  conditions  of  the  so*!00?  7  ^ 

the  trees.  areas  where  roof  pruning  ^  °f 

reported  to  be  shorter-lived  than  elsewhere.  Y  ?  h  668  are 
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Root  pruning  is  very  commonly  practised  in  Bombay,  and  with  oranges  in 
Madhya  Pradesh.  It  is  thought  to  be  necessary  there  because  the  difference 
between  summer  and  winter  climate  is  so  slight  that  the  trees  continue  vegetative 
growth  throughout  the  year  and  have  no  well-marked  flowering  season.  The 
purpose  is  as  much  to  control  the  season  of  fruiting  as  to  increase  the  amount. 
If  a  fruit  naturally  blossoms  at  one  of  two  or  three  seasons,  flowering  may  be 
induced  at  the  most  profitable  season.  In  northern  India  the  seasons  are  much 
more  distinct,  and  most  fruits  bear  satisfactorily  without  root  pruning.  Even 
in  Madras,  where  there  is  very  little  variation  in  the  temperature  Naik  (1949) 
advises  strongly  against  the  general  practice  of  root  pruning,  which  has  caused 
much  damage  to  orchards.  Perhaps  other  sections  of  the  country  will  also 
abandon  the  system,  except  in  unusual  cases,  or  where  the  economic  advantage 
of  determining  the  time  of  flowering  justifies  the  practice.  It  should  be  used 
only  when  good  general  care  has  failed  to  give  the  desired  results,  and  should 
be  only  severe  enough  to  accomplish  these  results. 


Ringing  and  Notching. 

If  fruitfulness  can  be  induced  by  increasing  the  concentration  of  car¬ 
bohydrates  in  the  top  of  the  trees,  without  markedly  reducing  the  vegetative 
activity,  this  has  obvious  advantages.  Several  practices  are  designed  to  do  this 
by  interfering  with  the  downward  flow  of  the  sap.  Ringing  or  girdling  is 
regularly  practised  with  some  fruits,  and  occasionally  with  others.  In  its  most 
common  form  it  consists  of  removing  a  ring  of  bark  about  half  an  inch  wide, 
or  less,  around  the  trunk  of  the  tree  or  around  a  branch.  The  wound  may  or 
may  not  be  treated  to  prevent  infection.  A  milder  treatment  is  to  draw  a  knife 
around  the  branch  in  such  a  way  as  to  cut  through  the  bark,  but  not  into  the 
wood,  either  in  a  circle  or  in  a  spiral.  Much  the  same  effect  can  be  gained  by 
drawing  a  wire  tightly  around  the  branch,  but  if  this  is  done  it  is  importan 
to  remember  to  remove  the  wire  later,  lest  permanent  damage  be  done.  In  all 
of  these  treatments  the  downward  flow  of  sap  is  interrupted  It  is  genera  y 
believed  that  the  upward  movement  is  largely  in  the  xy  em,  which  is  no  cu  i 
careful  girdling,  and  the  downward  movement  in  the  phloem,  which  is  removed. 

L  -  r.T'  I-—* 

and  others  (1945)  found  that  ringing  with  a  single  When 

absorption  somewhat,  but  that  it  returne  t0  ,he  woundj  absorption 

ringing  was  done  m  a  ^L^pedoTof  observation.  They  suggest  that  the 

remained  low  for  the  rest  of  P  reduction  of  growth  and 

reduction  in  nitrogen  absorption  may  be  cau.«l  ly  elaborated 

metabolic  activities  in  the  root  as  a  >  ^  ^  s 

food  and  growth  substances,  and  by  the  accumu,a  0n  0'  carboghvdrale  above  the 
below  the  ring.  Girdling  thus  m=  *££  f  “ 5 ion  favourable  to 
cut,  and  decreases  the  amount  growth  of  the  top,  and  also  the 

-of1^  roots.  °  Ordinarily  the* wound  heals  before  much  harm  is  don. 
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to  the  roots,  but  if  the  ring  of  bark  removed  is  so  wide  that  new  bark  does  not 
cover  the  ring,  the  parts  below  are  gradually  starved  to  death. 

Girdling  has  long  been  practised  with  grapes,  and  it  has  recently  gained 
some  favour  with  the  citrus  growers  of  California.  In  the  latter  case  it  is 
practised  when  the  trees  are  in  flower,  and  results  in  a  heavier  setting  of  fruit. 
The  increase  the  first  year  is  marked,  but  according  to  Shamel  and  Pomeroy 
(1934,  1936,  1944),  if  girdling  is  not  repeated,  the  next  year  the  decrease  in  yield 
is  about  equal  to  the  first  increase,  while  if  it  is  repeated  a  smaller  increase  results. 
They  observed  no  effect  on  the  quality  of  the  fruit  except  a  slight  decrease  in 
size,  but  by  the  eighth  year  a  loss  in  vigour  was  noticed.  The  girdling  of 
normal,  healthy  trees  in  California  is  therefore  not  considered  desirable. 


Notching  is  a  similar  process,  but  affects  only  one  mm  ai  a  time.  ^ 
is  cut  through  the  bark,  and  sometimes  into  the  wood,  either  just  above  or  just 
below  the  bud.  Notching  below  the  bud  tends  to  cause  a  concentration  of  car¬ 
bohydrate  in  the  bud,  and  encourages  its  development  as  a  fruit  bud,  while 
notching  above  the  bud  is  thought  to  increase  vegetative  growth  by  interfering 
with  the  flow  past  the  bud  of  water  and  nitrogen.  Conflicting  theories  have 
been  proposed  explaining  the  practice.  Gandhi  (1924)  reports  excellent  results 
from  notching  figs  above  the  bud,  and  no  effect  from  notching  below  the  bud. 
In  the  case  of  the  fig,  the  desired  result  is  not  the  production  of  a  flower  bud, 
but  of  a  shoot,  along  which  a  number  of  figs  will  be  borne. 

Alternate  bearing  presents  another  perplexing  problem.  It  is  often 

observed  that  a  mango  tree  bears  a  heavy  crop  one  year,  and  a  very  light  one  the 
next,  and  then  again  a  heavy  one.  Sometimes  there  will  be  two  or  more  suc¬ 
cessive  years  of  failure,  and  more  rarely,  two  years  in  which  the  crop  is  heavy 
Often  one  branch  of  a  tree  will  bear  one  year  and  another  the  next.  On  the 
other  hand,  the  crop  of  an  entire  region  tends  to  follow  the  same  pattern 
Kecords  kept  at  the  Saharanpur  botanical  garden  from  1886  to  1912  have  been 
reported  by  Hartless  (1913),  who  considered  that  the  mango  crop  had  been  below* 
the  average  15  years,  average  3  years  and  above  average  9  years. 

A  similar  condition  is  found  among  some  other  fruits.  Certain  varieties 
o  the  apple  are  very  prone  to  alternate  bearing.  The  phenomenon  has  been 
.tudied  by  a  number  of  investigators  hut  is  still  imperfectly  understood  It 
seems  probable  that  in  the  year  in  which  a  heavy  crop  is  borne,  the  physiological 

fruU  buds "  H  Cl'  ^  ‘he  tree  i$  n0t  favourable  to  the  formation  of 

iruit  buds.  However,  attempts  to  overcome  the  u  ,  .  n  OI 

years  in  which  a  heavy  crop  occurs  ha  e  I  T"™  thi"ning  in  ,he 

possible  that  such  thinning  might  succeed  if  it  IT  °  'en  ®uccesstul-  is 

bad  ever  borne  a  heavy  crop.  McCormick  (1^1“!*^  bef°re  *he  tree 

results  by  thinning  the  blossoms  of  two  varieties  ' o  annl  T"’,  pr°misinS 

heavy  thinning  has  proved  ineffective,  but  the  cn  ^  ^  In  aVocado’ 

fruits  results  in  a  heavy  crop  the  next  year  T1  T  ele  rcmova|  of  'he  young 

the  trees  in  a  region  bear  at  the  same  time  •  n-  i'^  3  large  majority  of 

often  determines  the  ‘off’  and  the  ‘on’  year  h  7“  “t  '!'7  7™  climatic  factor 

y  •  It  is  probable  that  conditions  which 
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destroy  the  crop  of  a  whole  region  one  year  would  start  all  of  the  trees  alternat¬ 
ing,  with  a  heavy  crop  the  following  year.  Local  conditions,  or  factors  not  at 
present  understood,  might  change  this  alternation  for  some  trees  or  branches,  or 
conditions  which  affect  the  fruiting  of  young  trees  might  not  be  potent  enough 
to  change  the  habits  of  older  trees.  This  is  fortunate,  for  if  alternate  bearing 
cannot  be  avoided,  it  is  preferable  that  not  all  fail  to  bear  the  same  year.  For 
in  ‘off’  years  the  grower  has  no  fruit  to  sell,  and  in  ‘on’  years  the  price  may  be 
so  low  as  to  bring  very  little  profit. 

In  addition  to  thinning,  other  methods  have  been  used  in  an  attempt  to 
control  alternate  bearing.  In  some  cases  a  combination  of  the  application  of 
nitrogenous  fertilizer  and  a  moderate  pruning  in  the  ‘off’  year  so  increases  the 
vegetative  growth  that  excessive  fruit  bud  formation  is  prevented.  Pruning  away 
part  of  the  bearing  branches  in  the  winter  before  the  ‘on’  year  also  prevents 
heavy  bearing,  and  thus  favours  the  formation  of  fruit  buds  for  the  next  year. 
Most  of  the  experiments  have  been  with  apples  and  pears.  L.  B.  Singh  (1948) 
has  presented  an  extensive  review  of  this  work.  The  methods  used  have  not 
been  entirely  successful,  and  there  is  not  sufficient  evidence  to  justify  any  definite 
statement  as  to  the  control  of  alternate  bearing  in  most  tropical  and  subtropical 
fruits.  Neither  is  there  much,  evidence  on  record  as  to  the  relative  extent  to 
which  different  varieties  are  subject  to  the  habit.  Considerable  work  on  the 
problem  of  irregular  bearing  in  the  mango  is  discussed  in  Chapter  13. 

Thinning. 

Aside  from  any  effect  it  may  have  on  alternate  bearing,  the  thinning  of 
fruits  is  sometimes  desirable.  /  Some  varieties  frequently  set  more  fruits  than 
they  can  mature  properly.  Especially  on  young  trees  is  a  heavy  crop  objectionable, 
as  it  bends  the  limbs  and  damages  the  shape  of  the  tree,  as  well  as  interfering 
with  growth.  There  is  also  the  danger  of  broken  branches.  Thinning  also  tends 
to  increase  the  size  of  the  fruit,  but  it  almost  invariably  reduces  the  yield  per 
acre.  Whether  it  is  justified  for  the  purpose  of  increasing  size  is  a  question  of 
economics.  In  some  markets,  very  small  fruit  sells  at  a  distinct  discount,  while  in 
others  the  rate  per  pound  for  the  different  sizes  varies  only  slightly.  The  cost  of  thin¬ 
ning  is  only  partially  off-set  by  the  saving  at  harvest  time. 

Much  thinning  takes  place  naturally.  The  number  of  flowers  borne  is 
normally  many  times  the  number  of  fruits  which  the  tree  could  bring  to  maturity. 
Some  of  the  blossoms  fall,  and  there  is  a  further  fall  of  young  fruits,  sometimes 
called  the  June  drop.  Thinning  of  the  flowers  is  more  effective  than  thinning  the 
fruits,  as  it  saves  the  material  used  in  forming  the  fruit.  But  it  is  a  much  safer 
practice  to  thin  after  the  natural  drop  is  complete.  Otherwise  the  total  thinning 
may  be  more  than  is  desired.  Not  infrequently  more  than  half  of  the  iruit  is 
removed  in  thinning.  The  young  fruits  are  either  pulled  or  clipped  off  so  as  to 
leave  those  which  remain  well  spaced  on  the  branches.  Because  of  the  high  cost  of 
thinnin"  by  hand  where  wages  are  high,  attempts  have  been  made,  particularly  in 
the  United  States,  to  thin  by  means  of.  sprays.  Very  satisfactory  results  were  achiev- 
ed,  at  least  with  heavy-setting  varieties  of  apples,  under  some  conditions,  by  the 
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use  of  dinitro  ortho  cresol  and  related  compounds,  referred  to  as  dinitro  or  DN 
sprays.  One  set  of  experiments  is  described  by  Batjer  and  Thompson  (1948)  in 
which  they  were  applied  at  full  bloom.  There  is  an  obvious  advantage  in  thinning 
after  the  natural  drop  of  the  blossoms,  and  Flory  and  Moore  (1947)  and  Ken¬ 
worthy  (1947)  report  promising  results  from  a  very  complicated  mixture. 

Pollina'tion  Problems 


It  is  sometimes  seen  that  trees  produce  abundant  bloom,  but  fail  to  set 
fruits.  In  cold  regions  this  may  be  due  to  frost,  or  the  very  abundance  of 
bloom  may  so  exhaust  the  plant  that  the  tiny  fruits  fall,  but  it  is  more  com¬ 
monly  due  to  lack  of  pollination.  Pollination  is  necessary  for  the  production  of 
seeds,  and  in  most  cases  for  the  maturing  of  fruits.  An  apparent  exception  to  this 
statement  is  the  mangosteen,  in  which  pistillate  trees  without  pollination  pro¬ 
duce  fruits  with  viable  “seeds”.  In  this  case  no  true  seed  is  formed,  but  a 
primitive  adventitious  embryo  develops  from  a  cell  in  the  epithelium  of  the  inner 
integument  of  the  ovary.  Much  more  common  is  the  production  of  seedless 
fruits,  which  may  result  from  lack  of  pollination  (vegetative  parthenocarpy), 
lack  of  fecundation  although  pollination  is  necessary  (stimulative  parthenocarpy), 
or  the  abortion  of  the  embryo  following  fecundation.  In  the  case  of  stimulative 
parthenocarpy,  it  is  thought  that  the  fruit  develops  only  with  the  aid  of  a 
hormone  from  the  pollen  or  growing  pollen  tube. 


Very  few  fruits  are  invariably  seedless,  but  this  is  the  normal  condition 
m  quite  a  number,  including  many  varieties  of  banana  and  most  other  triploid 
fruits.  Pollination  is  not  required,  and  these  varieties  produce  little  or  no 
viable  pollen  Most  of  the  ovules  are  also  defective,  but  when  the  flowers  are 
pollinated  with  pollen  from  some  fertile  species  of  Musa,  a  few  seeds  may  be 
formed  In  some  fruits  a  few  seeds  are  normally  formed,  the  number  depend- 
mg»n  the  effectiveness  °f  pollination.  In  other  cases  the  fruit  will  be  com- 
.LJrt  ,  P°lllnall0n  has  occurred,  or  completely  seedless  if  it  has  not. 
I  citrus  f  uTts  7  may  JiSible  remainS  °f  the  0VU,es-  as  ™  bananas  and 
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Chinese  jujube  (stimulative),  three  species  of  Eugenia,  mulberry,  olive,  and 
date,  ianbryo  abortion  (stenospermocarpy)  is  thought  to  occur  in  some  grapes, 
and  perhaps  in  the  avocado  which  produces  seedless  fruit  of  an  unsual  shape 
but  excellent  quality  either  in  this  way  or  through  stimulative  parthenocarpy. 
Certain  varieties  of  guavas  produce  fruits  with  few  or  no  seeds. 

The  possibility  of  producing  seedless  fruits,  particularly  such  fruits  as 
the  guava  and  watermelon,  where  the  seeds  are  a  nuisance  to  the  consumer,  has 
aroused  considerable  interest.  This  may  be  done  in  some  cases  by  preventing 
pollination  and  treating  the  stigma  with  crushed  pollen,  pollen  incapable  of 
fecundating  the  plant  treated,  or  certain  growth  substances,  frequently  called 
plant  hormones.  These  are  probably  effective  because  they  provide  the  equi¬ 
valent  of  the  hormone  received  in  the  pollen  when  pollination  occurs.  The 
fruits  formed  are  frequently  smaller  than  normal,  and  in  most  cases  there  is 
little  likelihood  of  commercial  application.  In  the  case  of  greenhouse  tomatoes, 
however,  the  use  of  plant  hormone  sprays  in  addition  to  some  natural  pollination, 
increases  the  crop  materially.  Venkataratnam  (1949)  emasculated  the  flowers 
of  three  varieties  of  mango  and  sprayed  them  with  10  ppm  (parts  per  million) 
of  beta  naphoxyacetic  acid,  and  secured  a  set  somewhat  better  than  that  of  these 
varieties  with  open  pollination.  The  fruits  looked  normal,  but  no  embryo 
development  occurred,  and  they  dropped  off  after  reaching  the  size  of  a  marble, 
perhaps  due  to  external  causes.  Raman  (1949)  has  reviewed  the  literature  on 
induced  parthenocarpy.  DeTar  and  others  (1950)  report  that  more  than  90% 
of  the  Bartlett  pears  grown  in  solid  blocks  in  one  section  of  California  are  seed¬ 
less,  and  that  spraying  with  2,  4,  5-trichlorophenoxypropionic  acid  increased  the  set. 

Several  conditions  may  lead  to  a  failure  of  pollination.  Certain  fruits,  like 
some  papayas  and  the  date,  are  dioecious,  staminate  flowers  being  borne  on  one  tree 
and  pistillate  on  another.  In  such  cases  it  is  necesary  to  have  some  staminate  or 
male  trees  present  to  provide  pollen,  though  they  bear  no  fruit.  Some  trees  produce 
no  viable  pollen,  and  some  produce  pollen  which  will  not  fertilize  pistils  of  the 
same  variety.  In  such  cases  cross-pollination  is  esential.  Even  this  is  not 
always  effective,  for  some  varieties  are  intersterile.  With  cherries,  for  instance, 
it  is  sometimes  necessary  to  grow  some  trees  the  fruit  of  which  is  of  little  value, 
because  the  commercial  varieties  are  all  intersterile. 

Another  condition  necessitating  cross-pollination  is  that  known  as  dichog¬ 
amy,  in  which  the  pollen  is  not  shed  at  the  time  when  the  pistils  are  receptive. 
It  may  be  shed  either  before  or  after  the  pistils  are  in  a  proper  condition.  A  very 
interesting  type  of  dichogamy  is  found  in  the  avocado.  Nirody  (1923)  noticed 
that  each  flower  opens  twice,  the  pistils  being  receptive  the  first  time,  and  the 
pollen  being  shed  the  second.  In  part  of  the  trees  the  first  opening  is  in  the 
morning,  and  the  second  in  the  afternoon  of  the  next  day,  while  the  others  open 
first  in  the  afternoon,  and  the  second  time  in  the  morning  of  the  third  day.  The 
time  of  opening  is  a  varietal  characteristic.  It  is  therefore  necessary  to  have 
at  least  two  varieties  in  a  plantation.  Under  certain  climatic  conditions,  how¬ 
ever,  dichogamy  is  not  sufficiently  regular  to  prevent  self-pollination,  Qppen- 
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heimer  states  that  this  is  the  case  in  Palestine,  but  that  even  so,  better  yields  are 
secured  with  cross  pollination. 

Pollen  may  be  carried  by  either  the  wind  or  insects,  but  in  the  case  of  most 
fruits,  insect  pollination  seems  to  be  the  rule.  In  many  regions  tees  are  the 
most  important  pollen  carriers,  but  flies,  beetles  and  other  insects  also  take  part. 
The  addition  of  a  few  hives  of  bees  has  often  greatly  increased  the  set  of  fruit 
in  a  deciduous  orchard.  The  statement  of  Rahman  and  Singh  (1943)  that  all 
deciduous  fruits  require  the  help  of  insects  is  not  justified,  for  good  crops  of 
some  varieties  of  persimmons  and  figs  are  produced  without  pollination.  How¬ 
ever,  there  is  much  more  advantage  in  providing  bees  for  orchards  in  temperate 
climates  than  on  the  plains  of  India,  where  pollination  seldom  seems  to  be  a 
problem.  These  authors  give  no  evidence  for  their  statement  that  if  the  pollin¬ 
ation  of  the  banana  is  helped  by  bees  and  other  insects,  more  and  better  fruit 
is  produced.  Certain  of  the  citrus  fruits  which  normally  contain  few  seeds  will 
bear  somewhat  more  heavily  when  bees  increase  the  amount  of  cross  pollination, 
but  the  fruit  will  tend  to  be  more  seedy.  Rahman  -and  Singh  state  that  the  most 
important  insects  for  pollination  are  the  honey  bees,  bumble  bee,  solitary  bees, 
and  flies  of  the  genus  Eristalis.  The  only  one  suitable  for  artificial  breeding 
in  India  is  said  to  be  one  of  the  honey  bees,  Apis  indica.  Even  this  bee  is 
difficult  to  keej)  on  the  plains  of  northern  India.  Weather  conditions  have  an 
important  effect  on  the  activity  of  insects.  In  bright  warm  weather  these  will 
travel  great  distances,  whereas  in  cool  rainy  weather  their  activities  are  greatly 
decreased.  Insects  are  especially  important  where  cross-pollination  is  required, 
but  in  some  cases  the  pollination  of  self-fertile  varieties  is  much  better  when 
insects  are  present  than  when  they  are  absent.  The  distance  the  insects  will  fly 
under  the  least  favourable  conditions  likely  to  occur  during  blossoming  should 
determine  the  distance  between  varieties  requiring  cross-pollination. 

Some  varieties  of  the  fig  require  the  services  of  a  particular  insect  in 
pollination.  This  insect  is  a  small  wasp  which  carries  the  pollen  from  wild 
varieties  to  the  better  kinds,  which  produce  no  pollen.  The  process  is  called 
caprification,  and  will  be  described  in  more  detail  in  Chapter  21. 

It  has  generally  beer,  assumed  that  unless  plants  were  to  be  grown  from 
seeds  any  pollen  which  would  fertilize  the  ovary  was  satisfactory.  This  is 
probably  true  in  most  cases.  However,  after  considerable  investigation  and 
iscussion,  it  tas  >een  established  that  the  pollen  may  produce  a  direct  effect  on 

i  caMed  met  ’  a,1<l  ^  outs!de  ,he  em>>ryo  »d  endosperm.  This 

.'.  /  taxema’  a  term  suggested  by  Swingle  in  1926.  Size,  shape  and 

xtemTri' si- h:rAn ,hr  frui.1  may  be  ^ 

cial  imnnrf  p  lel  '  the  date,  however,  it  is  sufficient  to  be  of  commer- 
•oango.  eCem  U°lk  lnd,CaleS  that  metaxenia  may  be  important  in  the 
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It  distribution  is  defective,  not  only  does  the  grower  receive  an  inadequate  reward 
r  his  effort,  but  he  fails  to  perform  his  function  in  society.  That  the  majority 

7  ,Pe°ple  °  thlS  COUntry  do  not  receive  the  amount  of  fruit  they  need  is 
partly  because  the  acreage  is  too  small  and  the  yield  too  low,  and  partly  because 
of  the  waste  in  distribution.  Proper  distribution  involves  the  preparation  of 
t  le  produce  for  market,  transportation,  and  wholesale  and  retail  marketing.  The 
part  played  by  the  grower  in  this  process  varies,  but  is  likely  to  be  rather  small. 
In  most  cases  it  would  be  to  his  advantage  to  increase  it. 


The  process  of  distribution  may  be  taken  as  beginning  with  the  harvesting 
of  .he  fruit.  1  lie  pioper  time  and  methods  are  most  important,  especially  if  the 
fiuit  is  intended  lor  a  market  at  any  distance  from  the  orchard.  Most  fruits 
have  their  finest  quality  if  allowed  to  ripen  fully  on  the  tree,  and  eaten  soon 
after  being  picked.  It  is,  however,  obviously  impossible  to  harvest  many  kinds 
of  fruit  for  market  after  they  are  fully  ripe.  In  the  time  required  for  mar¬ 
keting  them,  they  would  become  over-ripe  and  unfit  for  consumption.  Fruit 
must  be  harvested  while  still  firm  enough  to  stand  handling,  and  to  keep  for  a  num¬ 
ber  of  days.  The  difficulty  of  protecting  ripening  fruit  from  birds  and  other 
pests  also  encourages  the  grower  to  pick  his  fruit  while  still  green.  A  few  fruits, 
such  as  the  oranges,  are  well  protected  from  damage,  and  may  be  harvested  when 
fully  ripe.  Even  with  such  fruits,  however,  a  better  price  may  often  be  secured 
by  picking  them  before  they  have  attained  their  maximum  quality,  for  the  early 
market. 


As  a  result  of  all  these  factors,  much  fruit  is  picked  before  it  should  be. 
Fruit  picked  green  may  attain  a  fairly  attractive  appearance,  but  it  never  has  the 
quality  of  tree-ripened  fruit.  The  sale  of  such  fruit  may  bring  an  immediate 
gain  to  the  grower,  but  the  consumer  is  so  disappointed  that  he  does  not  soon  buy 
more  fruit  of  that  kind.  The  result  is  a  diminished  demand  and  lower  prices. 
In  certain  instances  the  sale  of  immature  fruit  may  be  prohibited  by  law,  but  for 
the  most  part  only  public  opinion,  and  a  sense  of  responsibility  on  the  part  of 
the  grower  can  prevent  this  evil. 

Fruit  should  be  picked  no  sooner  than  is  necessary  in  order  to  have  it 
reach  the  consumer  in  good  condition,  unless  it  has  already  attained  high  qualitv. 
In  no  case  should  it  be  picked  so  green  as  to  be  of  little  real  value.  Within 
these  limitations,  the  time  of  harvesting  may  be  determined  by  market  conditions. 
Fruit  which  can  be  placed  on  the  market  early  or  late  in  the  season  will  ordinaiily 
bring  better  prices  than  that  sold  at  the  height  of  the  season.  Under  the  present 
unorganized  condition  of  the  market,  it  is  difficult  to  take  advantage  of  the  dail/, 
fluctuations  in  supply. 

PRE-HARVE9T  DROP 

When  harvest  is  delayed  until  comparatively  late  in  the  season,  part  of 
the  fruit  is  likely  to  fall  to  the  ground  before  it  is  picked.  The  amount  which 
falls  varies,  but  is  frequently  enough  to  cause  a  serious  loss  in  apples,  pears,  and 
citrus  fruits.  These  windfalls  are  frequently  very  good  for  immediate  consump¬ 
tion,  but  are  not  satisfactory  for  marketing.  A  large  amount  of  experimental 
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work  has  been  done  in  the  United  States  and  England  on  the  possibility  of  reduc¬ 
ing  the  pre-harvest  drop  by  means  of  plant  hormone  sprays.  Early  work,  as 
reported  by  Batjer  (1943)  and  Vyvyan  (1946)  on  pome  fruits  indicated  that 
naphthalene  acetic  acid  (NAA)  and  related  compounds  frequently  were  very 
effective  in  reducing  the  drop  of  some  varieties.  A  litle  later  it  was  found  that  some 
varieties  which  did  not  respond  to  this  treatment  could  be  effectively  treated  with 
2,  4-dichlorophenoxyacetic  acid,  commonly  known  as  2,  4-D.  Edgerton  and  Hoffman 
(1948)  found  that  in  the  case  of  the  McIntosh  apple,  2,  4-D  was  comparatively 
ineffective  as  a  spray,  but  that  when  injected  into  the  limbs,  both  this  and  NAA  were 
satisfactory,  although  2,  4-D  was  by  far  the  more  effective.  A-2,  4,  5-trichlorophen- 
oxypropionic  acid  is  reported  to  be  more  effective  than  NAA  in  some  cases,  to 
improve  the  red  and  yellow  colour,  and  to  hasten  maturity  in  early  varieties.  These 
treatments  are  now  standard  practices  in  some  places,  and  have  been  tried  on  apples 
in  Kumaun,  where  the  pre-harvest  drop  is  a  serious  problem. 

The  first  hormones  used  proved  ineffective  on  citrus  fruits,  but  2,  4-D  has 
been  found  very  useful  (Stewart  and  Parker,  1947;  Stewart  and  others,  1947 
A,  B;  MacAlpin,  1949).  Stewart  and  Hield  (1950  A,  C)  found  evidence  that 
2, 4, 5-trichlorophenoxyacetic  acid  (2, 4, 5-T)  might  be  even  more  effective. 
Miege  (1948)  reports  that  spraying  with  potassium  naphthylacetate  reduced  the 
drop  of  Clemantine  mandarins,  causing  an  average  yield  about  three  and  a  half 
times  as  great  as  that  from  the  untreated  trees. 


The  time  of  applying  naphthaleneacetic  acid  is  very  important,  but  2,  4-D 
seems  to  be  effective  whether  applied  after  the  dropping  has  begun  or  up  to  five 
months  earlier.  In  some  cases,  early  spraying  of  citrus  trees  seems  to  increase 
the  yield  by  reducing  the  “June  drop”  of  young  fruits. 

Certain  other  effects  of  hormone  sprays  have  been  noticed.  Stewart  and  Hield 
(1950  B)  found  that  spraying  oranges  with  2,  4-D  one  to  three  months  after  full 
bloom  significantly  increased  the  size  of  the  fruit  with  only  a  slight  lowering  of 
quality,  and  delayed  maturity.  The  fruit  seemed  to  be  made  physiologically 
younger.  -,  No  effect  was  observed  on  .trees  less  than  five  years  old,  or  on  vigorous 
growth  of  trees  recently  top-worked.  The  possibility  of  increasing  the  size  of 
lemons  and  securing  other  desirable  effects  by  spraying  with  an  ester  of  2,  4  5-T 
is  reported  by  Erickson  and  Brannaman  (1950).  Klotz  and  Stewart  (1948) 
report  that  2, 4-D  largely  reduced  the  amount  of  fruit-stem  die-back,  a  trouble 
which  seems  to  be  physiological.  Stewart  (1948,  1949)  states  that  fruit  from 
sprayed  trees  usually  were  less  subject  to  decay  in  storage,  and  had  a  longer 
storage  life.  He  and  Kessler  and  Allison  (1948)  found  that  similar  results  in 
storage  could  he  achieved  by  treating  the  fruit  after  harvest. 

Great  care  must  be  exercised  in  the  use  of  hormones,  for  it  is  possible  to 
cause  much  damage  to  the  foliage  and  new  growth.  Less  dilute  solutions  of 
2  4-D  are  very  effective  in  killing  many  broad-leaved  weeds,  and  even  very 
dilute  solutions  may  cause  abnormal  growth  in  some  plants.  Marsh  and  Taylor 
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trees.  The  fruit  and  foliage  of  some  varieties  adhered  tenaciously  to  the  trees 
as  a  result  and  the  dry  leaves  hung  on  all  winter.  Considerable  damage  was 
caused  to  foliage  and  fruit  the  next  year.  The  application  of  sprays  to  decrease 
e  dropping  ol  fruit  may  cause  some  distortion  of  the  new  growth,  but  at  the 
dilutions  commonly  recommended,  5  to  15  ppm,  very  little  damage  is  caused  to 
either  citrus  or  pome  fruits.  Tukey  and  Hamner  (1949)  report  that  both  2,  4-D 
and  NAA  applied  in  October  delayed  the  opening  of  buds  the  following  spring  and 
had  marked  effects  on  the  shape  and  composition  of  cherry  fruit,  mostly  undesirable. 

Harvesting  Method 

Methods  of  harvesting  are  also  of  importance.  These  will  vary  with  the 
different  fruits,  but  in  all  cases  care  must  be  taken  to  avoid  damaging  the  fruit. 
Methods  in  common  use  are  often  unsatisfactory.  Some  fruits  may  be  carefully 
pulled  off  without  damage,  but  in  other  cases  it  is  almost  impossible  to  pull  the 
fruit  without  injuring  the  skin  so  that  decay  organisms  may  enter.  Another 
common  method  is  that  of  breaking  the  stem  by  which  the  fruit  is  attached.  This 
leaves  a  piece  of  the  stem  which  is  likely  to  puncture  other  fruits  with  which  it 
comes  in  contact.  Those  fruits  which  cannot  safely  be  pulled  should  be  cut 
loose  with  shears.  Special  blunt-pointed  clippers  with  straight  or  curved  blades 
are  made  for  the  purpose. 

The  picking  of  fruit  borne  more  than  about  eight  feet  from  the  ground 
presents  a  problem.  It  is  commonly  pulled  off  by  means  of  a  long  hook.  It  is 
either  allowed  to  fall  into  a  small  bag  attached  to  the  hook,  or  is  caught  by  the 
picker  as  it  falls.  In  either  case  a  certain  amount  of  bruising  is  probable. 
Much  worse  are  the  methods  sometimes  seen,  of  knocking  the  fruit  off  with  a 
stick,  or  with  stones,  or  by  shaking  the  tree.  Pickers  sometimes  climb  the  tree, 
but  it  is  seldom  possible  to  reach  all  of  the  fruit  without  danger  to  the  tree  and 
to  the  picker.  The  best  means  of  reaching  high  fruit  is  by  the  use  of  a  ladder. 
This  may  be  either  a  light  ladder  which  can  be  leaned  against  the  tree,  or  a  step- 
ladder.  The  latter  is  heavier  and  more  awkward  to  use,  but  in  some  cases  may 
be  better  for  the  tree. 

In  India  the  picker  commonly  carries  a  basket  in  which  he  places  the 
fruit  as  he  picks  it.  This  is  satisfactory  except  that  it  leaves  only  one  hand  free 
for  picking.  Sometimes  an  assistant  carries  the  basket.  In  other  countries  bas¬ 
kets  are  sometimes  used  slung  from  the  shoulders,  leaving  both  hands  free. 
Canvas  bags  are  also  commonly  used,  especially  for  citrus  fru:ts.  These  are  so 
made  that  they  hang  from  the  shoulders,  are  held  open  at  the  top,  and  are  closed 
at  the  bottom  only  by  folding  up  the  lower  portion.  They  are  emptied  by  un¬ 
folding  the  bottom,  so  that  the  fruit  can  run  out  gently  into  a  box  or  basket. 

In  case  of  small  orchards  near  the  market,  the  fruit  may  be  carried 
to  the  market  in  the  basket  into  which  it  is  picked,  or  it  may  be  put  into  a  larger 
basket,  with  little  attempt  at  sorting  or  packing.  When  larger  quantities  are 
handled,  sorting  and  grading  are  desirable  and  in  the  case  of  fruit  shipped  to 
more  distant  markets,  packing  is  also  necessary.  At  present  both  grading  and 
packing  are  commonly  done  by  middlemen,  though  in  some  cases  the  grower  or 
contractor  may  grade  the  fruit. 
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The  object  of  sorting  is  to  remove  over-ripe  or  damaged  fruit,  which  * 
likely  tl  decay  before  reaching  the  consumer,  often  damag.ng  good  fruit  ...  co  ■ 
Ifeflith  it;  and  to  remove  as  culls  such  fruit  as  is  so  green  or  so  formed  as 
to  lower  the  standard  of  the  whole  lot.  Such  culls  may  sometimes  e 
locally  at  a  low  price,  or  used  in  making  by-products.  It  is  obviously  to  t 
advantage  of  all  concerned  that  such  fruit  be  separated  from  the  sound  Iruit  as 

early  as  possible. 

Sound,  marketable  fruit  may  vary  in  size,  quality  and  appearance.  Fruit 
of  superior  quality  and  appearance  brings  a  higher  price  in  the  retail  market, 
and  in  many  markets  the  largest  sizes  also  bring  better  prices  not  only  per  unit 
but  also  per  pound.  Extremely  large  sizes  may  sell  at  a  discount,  however.  In 
most  cases,  fruit  graded  into  different  sizes  and  qualities  will  sell  for  more  than 
the  same  fruit  ungraded.  This  is  generally  recognized  by  the  retailer,  who  sorts 
and  grades  the  fruit  if  this  has  not  been  done  before.  Sometimes  this  function 
is  performed  by  the  wholesale  merchant,  but  seldom  by  the  grower.  In  some 
cases  the  grower  may  practise  a  type  of  grading,  but  generally  in  order  to  put 
the  less  attractive  fruit  at  the  bottom  or  in  the  middle  of  the  basket,  out  of  sight. 
His  naive  hope  that  the  buyer  will  be  deceived  by  this  practice  is  entirely  un¬ 
justified.  This  practice  leads  the  trade  to  assume  that  there  are  inferior  fruits 
hidden  in  every  basket,  and  to  fix  the  price  accordingly.  It  would  be  to  the 
interest  of  all  concerned  to  have  the  fruit  honestly  graded,  so  that  the  quality  of 
an  entire  lot  could  be  seen  from  the  surface,  and  this  is  frequently  done  in  other 
countries,  but  not  commonly  in  India. 

The  improvement  of  marketing  was  greatly  encouraged  by  the  passing 
of  the  Agricultural  Produce  (Grading  and  Marketing)  Act  of  1937.  Under 
this  act,  standards  have  been  established  for  a  number  of  fruits  and  fruit  pro¬ 
ducts.  In  general,  the  fruit  is  required  to  be  mature,  sound,  well  picked,  and 
reasonably  uniform.  Grades  are  based  mainly  on  size,  colour,  and  freedom  from 
blemishes.  Growers  or  others  willing  to  observe  the  rules  and  to  submit  to 
inspection,  may  be  granted  by  the  Marketing  Adviser  to  the  Government  of  India 
the  right  to  use  the  designation  Agmark’  on  their  produce,  and  in  advertising. 
In  order  to  demonstrate  the  value  of  this  method,  the  Government  set  up  experi¬ 
mental  grading  stations  for  various  fruits.  At  a  station  in  Allahabad  district  in 
194041,  179  maunds  of  guavas  were  graded  and  dispatched  to  market.  These 
sold  at  a  premium  of  Re.  0-8-8  per  maund  over  ungraded  fruit  in  the  same 
markets,  leaving  a  net  gain  of  about  11%  for  the  grower.  The  grading  of  citrus 
fruits  was  started  in  the  Central  Provinces  and  Bombay  in  1937,  and  by  1939  there 
were  14  experimental  stations  and  one  packer  was  authorized  to  grade  Santaras 
“ln'ne  g/7ade  ^OSamjM  oranSes’  whi|e  in  1940  there  were  nine  experimental 

valued  a^Rs  203™"  '  H  ^  ^  Du™g  f°Ur  ?ears  fruit 

ned  Ks.  2,03,272  was  graded  and  sold  at  premiums  of  from  5.6  to  37% 

use  oTefj;;:!;  Tub,"  t:'1:: 

advantage^n^he1  marked  Pr°dUCe’  Ungraded  Wi"  **  at  3  stiU  Sreater  <«* 
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Sorting  and  grading  are  ordinarily  done  bv  hand  in  T  uu  i-  i 

mechanical  assignee.  This  is  fairly  satisfactory  f„r  l  ’  7 

can  work  very  vapidly  and  quite  accLately. 

Zd\ZTn  “  )UStlfied  Where  ,he  am0Unt  of  fruit  handled  is  very  large, 

fnht  «h  h  M  CO,TraliVely  “P“si«-  K  is  especially  efficient  with 

better  adapted  yj.r°Und’  a"d  "ot  easily  damaged.  Oranges  and  apples  are 

better  adap  ed  to  tnachme  grading  than  either  peaches  or  mangoes.  In  a  typical 

orange  packing  house  the  fruit  is  carried  pas,  sorters  on  ^a  moving  behind 

then  passes  into  revolving  rollers,  close  enough  together  at  one  end  to  allow 

y  le  smallest  fruit  to  fall  through  between,  and  further  apart  at  the  other, 

so  that  practically  all  the  fruit  falls  through  into  bins  before  reaching  the  end. 

mac  inep  is  not  likely  to  be  economical  in  India  under  present  conditions 
or  with  such  developments  as  are  now  in  sight. 


Packing 

dipping  fruit  by  rail,  packing  is  a  problem  of  great  importance  and 
great  difficulty.  The  most  common  package  now  in  use  in  this  country  is  the 
basket.  There  are  many  forms  of  baskets  used,  made  of  several  materials, 
among  the  most  common  being  bamboo  and  pigeon  pea.  Baskets  may  be  large 
or  small,  deep  or  shallow,  flat,  conical  or  cylindrical.  Often  two  baskets  are 
used,  one  forming  the  lid  for  the  other.  These  are  Sewn  together  with  string  or 
wire,  and  may  be  sealed.  None  of  these  packages  is  entirely  satisfactory.  Fre¬ 
quently,  they  are  not  strong  enough  to  stand  the  rough  handling  given  them  by 
railway  crews.  They  are  not  sufficiently  rigid  to  make  it  possible  for  them  to 
be  piled  more  than  two  or  three  layers  deep  without  injury  to  the  fruit  in  the 
lower  ibaskets.  This  means  that  railway  wagons  cannot  be  given  a  load  even 
approaching  their  capacity,  and  as  a  result  freight  rates  have  to  be  maintained 
at  a  higher  level  than  would  otherwise  be  necessary.  A  committee  on  market- 
ing  fruit  in  Bombay  (Anon.,  1935)  came  to  the  conclusion  that  the  use  of  bamboo 
baskets  was  uneconomical  and  recommended  investigations  of  the  possibility  of 
better  packages  of  wood  or  other  material. 

Grass  and  leaves  are  frequently  used  to  line  the  baskets,  and  are  sometimes 
used  between  the  layers  of  fruit.  Large  leaves  are  sometimes  stitched  together  for 
this  purpose,  and  such  material  is  sometimes  used  to  form  the  sides  of  parcels  with 
baskets  on  top  and  bottom. 

Boxes  are  used  for  packing  fruit  only  to  a  very  limited  extent,  although  they 
have  very  definite  advantages  over  baskets.  A  well-made  box  is  sufficiently  rigid 
to  protect  the  fruit,  even  if  at  the  bottom  of  a  tall  pile.  A  rectangular  box  may¬ 
be  shipped  or  stored  more  economically  of  space  than  a  round  basket.  The  reason 
boxes  are  not  commonly  used  is,  of  course,  their  cost,  which  is  more  than  that  of 
baskets.  Two  types  of  box  are  used.  One  is  fairly  heavy  and  returnable,  that  is, 
it  is  designed  to  be  returned  empty  and  used  a  number  of  times.  The  other  is  a 
lighter  box  which  is  used  only  once.  The  Howards,  (1918,  1920)  when  at  Quetta, 
experimented  with  both  types,  but  although  they  arranged  to  have  the  railways 
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return  empty  boxes  free  of  charge,  there  was  so  much  difficulty  in  working  out  this 
system  to  light,  non-returnable  boxes  were  preferred.  These  were  first  introduced 
in  1912,  and  despite  the  difficulties  in  obtaining  supplies  during  the  war,  Ks.  8,UUU 
worth  of  these  boxes  were  sold  in  1919. 


Light  boxes  are  used  in  shipping  fruit  from  the  region  of  Peshawar  to  dis¬ 
tant  markets,  and  for  shipping  apples  and  other  temperate  fruits  from  the 
Kumaun  and  other  hill  districts.  These  boxes  are  made  specially  for  the  purpose, 
and  are  fairly  satisfactory,  but  in  some  cases  are  rather  expensive.  If  materials  for 
boxes  were  prepared  in  large  quantities  at  saw-mills  near  the  forests  in  the  Hima¬ 
layas,  the  cost  should  be  low  enough  to  make  their  use  economical  throughout  most 
of  northern  India.  A  good  box  should  be  light,  yet  rigid  enough  to  protect  the  fruit, 
and  should  be  open  enough  to  allow  ventilation.  Old  kerosene  boxes  and  other 
packing  cases  are  sometimes  used,  mainly  because  they  can  be  secured  at  small 
cost,  but  they  are  not  satisfactory,  being  heavy,  too  solid  to  allow  sufficient  ventila¬ 
tion,  and  not  uniform  in  size  and  shape. 


In  some  cases,  it  is  advisable  to  wrap  fruit  in  tissue  paper  before  packing  it. 
This  is  commonly  done  in  other  countries,  and  with  apples  and  peaches  in  this 
country.  The  paper  tends  to  absorb  the  moisture  given  out  by  the  fruit,  and  to 
delay  the  ripening  process.  It  also  helps  to  prevent  the  spread  of  decay.  The 
Howards  (1918)  found  that  in  shipping  peaches  from  Quetta  to  the  plains  of  India, 
wrapped  fruit  kept  cool  longer  than  unwrapped  fruit.  The  wrapper  also  improves 
the  appearance  of  the  fruit  and  offers  a  convenient  form  of  advertising.  Each 
wrapper  can  bear  the  name,  address  and  trade-mark  of  the  producer. 

The  fruit  should  be  packed  firmly  in  the  box  or  basket,  so  that  no  move¬ 
ment  is  possible.  Where  the  fruit  is  first  graded,  it  is  placed  in  boxes  in  a  definite 
arrangement,  so  many  fruits  to  a  row,  so  many  rows  and  so  many  tiers  to  the  box. 
The  box  is  filled  so  that  it  has  a  slight  bulge  before  the  top  is  put  on.  The  full 
boxes  are  stacked  on  their  sides  to  avoid  undue  pressure  on  the  fruit.  The  same 
principles  should  be  followed  in  packing  in  baskets.  In  the  case  of  the  more  del¬ 
icate  fruits,  such  as  peaches  and  grapes,  small  baskets  of  bamboo  or  of  very  thin 
wood,  designed  to  hold  from  one  fruit  to  about  five  pounds,  are  made  to  fit  into 
the  larger  boxes  or  baskets.  Sann  fibre  or  other  soft  packing  material  is  often  put 
around  delicate  fruits  to  prevent  bruising. 


Transportation 

The  transport  of  fruit  to  distant  markets  is  mainly  by  rail,  and  presents 
numerous  problems.  The  railways  are  often  accused  of  charging  high  rates  for 
poor  service.  It  is  true  that  the  rates  are  high,  and  often  the  service  is  unsatisfactory, 
but  the  railways  are  by  no  means  entirely  responsible.  The  worst  evils  are  inherent 

marklterT"1  ^  ^  ““  frUU  an<i  ““  meth°ds  u5ed  bX  ,he  powers  and 

tration^.if  '“"if  Si,Uati°n  is  the  and  lack  of  concern 

lion  of  the  fruit  industry.  The  economy  of  shipping  a  full  wagon  of  fruit  from 

centre  of  production  to  a  market  is  obvious,  but  very  little  Indian  fruit  can  be 
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shipped  in  this  way.  Most  of  the  fruit  is  shipped  in  small  consignments,  and  must 
be  handled  along  with  other  parcels.  Oranges  are  shipped  from  Nagpur  in  wagon 
lots  during  the  height  of  the  season,  but  comparatively  few  shipping  points 
e\en  approach  this  quantity.  There  is  nothing  in  India  to  compare  with  centres  in 
England  and  America  from  which  trainloads  of  fruit  are  shipped  daily  during  the 
season.  Nor  are  there  many  markets  which  can  handle  fruit  in  wagon  lots.  In 
most  cities  a  few  baskets  at  a  time  is  the  limit.  This  condition  is  bound  to  remain 
for  a  long  time. 

Another  large  factor  in  the  problem  of  transportation  is  the  unsatisfactory 
packages  which  are  used.  It  is  estimated  that  it  is  safe  to  load  a  wagon  to  about 
one  third  of  its  capacity,  when  baskets  of  the  common  type  are  used.  The  cost 
to  the  railway  is  practically  as  great  as  it  would  be  if  the  space  were  fully  utilized. 
The  development  and  general  use  of  suitable  boxes  will  make  lower  rates  possible. 

Charges  of  rough  handling,  and  of  pilfering  are  still  too  common,  though 
there  seems  to  have  been  some  improvement  in  the  situation  in  recent  years.  'It 
will  always  be  necessary  for  the  railways  to  bring  pressure  to  bear  on  their  em¬ 
ployees  to  avoid  damage  of  this  sort,  but  the  shipper  can  co-operate  by  using  pack¬ 
ages  which  are  light  enough  to  be  handled  easily,  strong  enough  to  stand  fairly 
rough  treatment,  and  not  easily  broken  into.  If  the  railways  would  accept  fruit  at 
the  railway’s  risk,  at  reasonable  rates,  as  is  done  in  some  countries,  this  would 
encourage  more  care  on  the  part  of  railway  officials  and  employees.  Obviously 
only  fruit  in  good  condition  and  well  packed  could  be  accepted  on  these  terms. 

In  recent  years  transportation  by  lorry  has  gained  some  importance.  In 
some  cases,  passenger  lorries  carry  small  quantities  of  fruits  short  distances,  a 
service  which  is  often  economical  and  convenient  for  the  small  grower.  The  use 
of  freight  lorries  is  more  restricted,  but  is  likely  to  be  of  increasing  importance, 
both  in  carrying  fruit  to  the  railways  and  in  competition  with  the  railways.  Lorry 
competition  has  already  considerably  reduced  the  railway  traffic  in  fruit  and  vege¬ 
tables  from  Poona  to  Bombay,  according  to  Gadgil  and  Gadgil  (1933).  The  lorries 
offer  not  only  somewhat  lower  rates,  but  better  service,  taking  the  fruit  directly 
from  the  orchard,  in  some  cases,  to  the  market.  The  same  authors  give  at  least  one 
instance  in  which  the  railway  met  such  competition  by  reducing  rates.  With 
the  improvement  of  the  roads  of  the  country,  however,  lorry  traffic  is  bound  to  as¬ 
sume  greater  importance,  as  it  has  in  some  western  countries. 

The  question  of  cold  storage  and  refrigerated  vans  is  often  raised.  These  are 
available  in  western  countries,  and  contribute  greatly  to  the  fruit  industry.  By 
making  it  possible  to  put  fruit  in  storage  when  it  is  plentiful,  they  lengthen  the 
season  when  it  is  available  and  avoid  the  extremely  low  prices  resulting  from  gluts. 
Cold  storage  is  already  available  in  a  number  of  the  larger  cities  of  India.  Chand 
(1943)  mentions  two  cold  storage  plants  in  Calcutta,  three  in  Bombay,  an 
one  each  in  Madras,  Karachi,  Lucknow,  and  Cawnpore.  Rates  varied  from  1  to  5 \ 
annas  a  package  a  day;  5  annas  to  a  rupee  a  package  per  mensem;  or  from  4  to  6 
annas  per  cubic  foot  per  mensem.  In  one  case  the  rate  was  as  low  as  2  annas  a 
week  for  a  package.  Chand’s  calculations  show  that  storage  at  these  rates 
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is  very  profitable.  There  is,  of  course,  always  some  loss  in  storage.  Cold  storage 
plants  increased  from  a  bare  dozen  in  1947  to  about  50  in  1949  as  a  result  of 
assistance  given  by  the  Ministry  of  Agriculture,  which  hoped  that  this  number  would 
soon  be  doubled  (B.,  1949).  These  were  mainly  for  the  storage  of  seed  potatoes, 
but  a  number  in  the  large  cities  were  for  general  purposes.  Refrigerated  vans  have 
been  run  on  some  railways,  and  are  of  great  value  in  the  shipping  of  the  moie 
perishable  crops,  but  the  demand  for  this  service  has  not  been  sufficient  to  encourage 
its  extension. 

The  conditions  of  temperature  and  humidity  best  suited  to  different  fruits 
differ  widely.  Some  fruits  may  be  stored  at  temperatures  just  above  freezing,  and 
remain  in  good  condition  for  many  months.  More  tropical  crops  are  likely  to  be 
damaged  by  temperatures  even  far  above  freezing,  and  therefore  cannot  be 
kept  as  long.  Considerable  experimental  work  has  been  done  at  a  cold  stor¬ 
age  station  at  Poona,  and  the  results  on  a  number  of  crops  will  be  included  in  the 
sections  dealing  with  these  fruits.  Karmarkar  and  Joshi  (1940  A,  B)  found  that 
in  all  cases  the  rate  of  respiration  and  the  loss  in  weight  were  greater  with  small 
fruit  than  with  large.  '  '  , 

Modification  of  the  atmosphere  in  the  storage  chamber  also  affect  the  length 
of  time  fruit  may  be  kept  in  good  condition.  As  Claypool  and  Allen  (1947) 
point  out,  the  possible  benefits  of  modified  atmosphere  for  fruit  preservation  were 
presented  by  Berard  in  1821,  and  recognized  by  the  French  Academy  of  Sciences. 
Little  attention  was  paid  to  the  idea  until  the  extensive  ‘gas  storage’  experiments 
by  Kidd  and  West,  almost  a  century  later.  The  basis  of  this  method  is  the  reduction 
of  respiration  so  that  the  fruit  ripens  more  slowly.  This  may  be  accomplished  by 
increasing  the  proportion  of  carbon  dioxide  in  the  air,  or  by  reducing  the  propor¬ 
tion  of  oxygen  by  adding  an  inert  gas  such  as  nitrogen.  Here  again,  different  fruits 
respond  differently,  and  careful  experimentation  is  necessary.  The  method  is 
generally  used  with  some  degree  of  refrigeration. 


Marketing 

The  machinery  of  marketing  differs  somewhat  in  different  parts  of  the  coun¬ 
try,  with  the  distance  from  the  orchard  to  the  market,  and  with  the  fruit.  Cer¬ 
tain  features,  however,  are  common  to  the  entire  country.  Dissatisfaction  with  the 
present  system  is  also  very  common,  and  is  fully  justified. 

One  of  the  most  common,  and  most  objectionable  features  of  the  system  is 
the  presence  of  pre-harvest  contractors,  who  take  the  place  of  the  owner  of  the  or- 
chard  in  all  marketing  arrangements.  Such  contractors  handle  practically  all  small 
gardens,  and  some  large  ones.  Their  functions  and  the  terms  on  which  they  buy 
he  crop,  vary.  They  may  buy  the  crop  even  before  blossoming  time,  or  at  anl 
.me  before  the  run  is  ripe  but  ordinarily  the  bargain  is  made  about  the  time 
trees  are  in  blossom.  Most  commonly  the  contractor  agrees  to  pay  a  fixed 
sum  for  the  entire  crop,  in  which  case  he  theoretically  assumes  thp  rUk  f  A 
to  the  crop  by  adverse  weather  conditions.  I„  prJice  damaSe 

that  the  contractor  loses,  he  ordinarily  fails  to  pay  the  contract  price.  To  someTaset 
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the  bargain  may  be  to  take  all  of  the  fruit  or  a  given  quantity  of  fruit,  at  a  fixed 
price  per  unit.  Occasionally  a  contract  may  cover  a  period  of  years,  but  ordi- 
nanly,  while  the  contractor  may  buy  the  fruit  of  one  garden  year  after  year,  the 
contract  is  on  an  annual  basis.  Gadgil  and  Gadgil  (1933)  report  that  in  ,  parts  of 
Bombay  one  contractor  frequently  buys  more  than  one  orchard  and  that  in  Puran- 
dhar  taluka,  each  contractor  handles  about  30,000  orange  trees. 

The  work  of  the  contractor  always  includes  the  harvesting  and  marketing  of 
the  fruit,  and  almost  always  the  guarding  of  the  orchard.  In  most  cases,  the  con¬ 
tractor  and  his  family  live  in  the  orchard  from  the  time  there  is  any  danger  of  the 
crop  being  stolen  or  damaged  by  pests,  until  the  harvest  is  finished.  In  some 
cases  the  contractor  also  performs  all  or  part  of  the  cultural  treatments,  digging, 
ii ligating  and  manuring  the  orchard,  though  the  owner  ordinarily  supplies  the  water 
and  manure. 

Under  present  conditions,  the  pre-harvest  contractor  serves  a  useful  purpose. 
Most  orchards  are  small,  and  are  owned  by  comparatively  wealthy  men  whose  main 
interest  is  elsewhere.  The  owners  are  not  in  a  position  to  handle  the  orchards 
themselves,  and  if  they  attempt  to  do  so  they  must  hire  men  to  do  the  work.  The 
expense  of  hiring  reliable  watchmen  to  protect  the  crop  is  rather  large,  whereas 
the  contractor  and  his  family  do  this  for  themselves.  In  the  case  of  smaller 
growers,  the  contractor  is  a  means  of  collecting  money  in  advance  of  the  harvest. 
The  owner  is  often  almost  entirely  ignorant  regarding  the  proper  care  of  the  or¬ 
chard,  and  while  the  contractor  may  not  know  much  more,  he  takes  the  responsibility 
for  this  work.  * 

Evils  of  Contracting  System 

On  the  other  hand,  the  weaknesses  of  the  system  are  obvious.  The  owner 
often  does  not  know  the  real  value  of  his  fruit,  and  in  any  case  he  can  do  nothing 
but  accept  the  best  price  offered.  The  contractors  in  any  one  section  are  not  very 
numerous,  and  often  form  rings  to  hold  the  prices  down.  It  may  even  be  against 
caste  rules  to  raise  the  bid  for  an  orchard.  Not  knowing  how  the  crop  will  turn 
out,  or  what  the  market  conditions  will  be,  the  contractor  must  be  conservative 
in  his  offers.  The  price  is  ordinarily  paid  in  instalments,  and  if  for  any  reason  the 
season  is  a  bad  one,  the  contractor  seldom  completes  the  payment. 

More  serious  is  the  tendency  of  contractors  to  bend  their  efforts  solely  to  the 
production  of  the  one  crop  of  fruit,  with  no  thought  for  the  good  of  the  trees.  Culti¬ 
vation  and  manuring  are  often  neglected.  The  presence  of  a  contractor  adds 
greatly  to  the  difficulty  of  introducing  improved  methods  of  cultivation  and  irriga¬ 
tion,  for  the  contractor  is  usually  an  uneducated  man  who  is  sure  that  the  tradi¬ 
tional  ways  are  the  best. 

If  it  is  desired  to  sell  a  crop  to  a  contractor,  the  evils  may  be  minimized  by 
care  in  selecting  the  man,  and  in  settling  terms.  The  contractor  should  have  a 
good  reputation  for  honesty  and  dependability.  The  duties  of  the  contractor  should 
be  clearly  stated.  Ordinarily  there  should  be  a  payment  when  the  contract  is  signed, 
sufficient  to  assure  its  being  carried  out.  At  least  half  of  the  total  price  should  be 
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collected  by  the  beginning  of  the  harvest,  and  the  rest  before  more  than  half  of  the 
fruit  is  harvested.  If  the  contractor  is  allowed  to  harvest  all  of  the  fruit  before 
payment  is  completed,  he  is  tempted  to  leave  without  paying  the  balance.  In  such 
cases  it  is  very  difficult  to  force  payment  through  a  law  suit. 

The  contractor  may  dispose  of  the  fruit  in  several  ways.  Most  commonly 
he  takes  it  to  the  wholesale  market  in  the  nearby  city  and  sells  it  to  dealers.  The 
majority  of  these  are  retail  merchants  who  sell  the  fruit  in  small  shops  or  stalls,  or 
hawk  it  in  the  streets  and  from  house  to  house.  A  few  may  pack  and  export  the 
fruit  to  other  cities.  In  many  cases  the  contractor  becomes  a  retail  merchant,  he 
or  some  member  of  the  family  peddling  the  fruit.  Occasionally  he  will  sell  to 
what  may  be  termed  a  country  buyer,  who  goes  around  to  orchards  and  purchases 
ripe  fruit,  which  he  packs  and  dispatches  to  market.  In  some  cases  the  contractor 
himself  ships  fruit  to  a  commission  merchant  in  a  distant  market.  Gadgil  and 
Gadgil  (1933)  state  that  in  Poona  district  it  is  common  for  contractors  to  consign 
produce  to  a  distant  market,  generally  through  a  forwarding  agent,  called  a  hun- 
dekari.  This  man  receives  the  fruit  at  the  railway  station  and  sends  it  to  com¬ 
mission  merchants,  to  whom  he  also  sends  the  receipts,  along  with  his  bill  which 
includes  about  six  pies  per  basket  as  forwarding  charge,  a  small  amount  for  post- 
age,  and  whatever  he  has  spent  for  railway  charges  and  perhaps  for  cartage.  He 
frequently  has  an  arrangement  with  the  railway  staff  whereby  fruit  is  delivered 
immediately  to  the  agent.  In  small  stations  this  function  is  sometimes  exercised 
unofficially  by  the  station  master. 

If  the  grower  does  not  choose  to  sell  his  crop  to  a  contractor,  he  may  dispose 
of  it  in  any  of  the  ways  open  to  the  contractor.' 


City  Markets 

In  the  smaller  markets,  the  producer  or  contractor  often  conducts  his  own 
sales,  often  with  the  assistance  of  a  professional  salesman  who  charges  a  slight  com¬ 
mission  for  his  services.  In  the  largest  markets,  and  in  some  not  so  large,  the 
selling  ,s  done  by  commission  merchants.  Most  of  the  fruit  in  such  markets  arrives 
by  train,  and  is  sold  in  the  absence  of  the  owner.  This  situation,  unless  controlled 
y  strict  regulations,  is  apt  to  encourage  dishonesty.  The  owner  is  not  in  a  posi- 
.on  to  discover  the  actual  price  his  fruit  brings,  and  is  dependent  on  the  informa¬ 
tion  “1  B  V e  C0™m,f ion  merchant  (dal“0  •  The  very  unsatisfactory  situa- 
and  Gadeil  °Thay  ^  P°lnled  °Ut  by  Cheema  0933)  and  by  Gadgil 

expressed  bv  ^  ""  ,mvui*bly  sold  by  *<=ret  auction,  the  offer  being 

made  nWl  T  TT™  ha"ds  U"der  a  cl°,b-  This  has 
themselves  or  thtv  ,  “"""‘“f"  men  a,a°  conduct  retail  stalls  and  sell  to 

’  0r  taey  “ay  buy  fruit  and  export  it  to  other  cities  TK;  k- 
of  functions  is  very  undesirable.  Not  only  is  i,  possib  e  for  the  l  all°" 

chant  to  sell  to  himself  at  a  low  rate  or  report  a  ,  k  ^  Cotn“lss,°" 

but  he  may  report  that  tV.  •  ^  lower  rate  than  is  actually- received. 
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publication  of  daily  wholesale  prices.  It  should  also  be  made  illegal  for  commis¬ 
sion  merchants  to  engage  in  wholesale  or  retail  trade. 

The  charges  which  may  be  collected  during  the  marketing  process  are  many. 
In  many  cities  an  octroi  tax  is  levied  on  all  fruit  as  it  enters.  This  is  an  undesirable 
form  of  taxation,  not  only  because  it  discourages  trade  in  a  commodity  necessary 
for  the  health  of  the  people,  but  also  because,  from  its  very  nature,  it  promotes 
dishonesty.  When  fruit  is  sold  in  a  public  market,  a  small  charge  is  made  for  the 
privilege.  If  the  fruit  is  sold  by  a  dalal,  he  collects  his  commission;  if  not,  the  seller 
must  seek  the  aid  of  a  salesman  who  must  be  paid.  If  the  fruit  is  taken  any  dis¬ 
tance  to  the  market,  cartage  or  railway  freight,  or  both,  are  added  to  the  expense,  and 
another  middleman  may  be  called  in  to  take  his  share.  In  some  markets  there  are 
additional  charges  for  postage,  rental,  money  changing  and  charity,  the  last  two, 
at  least,  being  unjustified.  Finally,  the  retail  seller  must  make  his  living.  He 
ordinarily  operates  on  a  very  small  margin  of  profit. 

It  is  frequently  said  that  the  producer  receives  too  small  a  proportion  of  the 
retail  price,  and  to  a  certain  extent,  the  criticism  is  justified.  On  the  other  hand, 
it  should  be  remembered  that  certain  middlemen  perform  a  useful  function,  and 
that  the  cost  of  marketing  is  just  as  legitimate  an  expense  as  the  cost  of  pro¬ 
duction.  No  system  of  distribution  has  been  discovered  which  eliminates  the 
middleman  except  on  a  very  limited  scale.  Direct  sale  from  the  producer  to  the 
consumer  is  used  to  a  certain  extent,  but  cannot  be  expected  to  provide  for  any 
large  proportion  of  the  fruit  produced  in  the  country. 

Much  can  be  done,  however,  to  improve  the  marketing  system,  especially  if 
at  the  same  time  production  and  packing  are  improved.  Some  of  the  glaring 
defects  of  the  large  markets  can  and  should  be  eliminated.  The  advantages  to  be 
gained  by  the  co-operation  of  producers  are  almost  unlimited,  but  great  care  in  the 
organization  of  growers  is  necessary. 

Co-operative  marketing  of  agricultural  produce  has  been  extensively  tried  in 
the  West,  with  varying  results.  Most  of  the  attempts  have  failed,  but  a  few  have 
been  outstanding  successes.  One  of  the  most  successful  is  the  California  Fruit 
Growers’  Exchange,  organized  in  its  present  form  in  1905.  This  organization 
handles  only  citrus  fruits,  and  controls  about  three-fourths  of  the  production  of 
the  state.  It  is  primarily  a  marketing  organization,  but  packs  practically  all  of  the 
fruit,  harvests  much  of  it,  and  oversees  production  of  a  small  amount.  It  also 
conducts  a  purchasing  service  for  its  members.  Because  of  the  large  amount  of 
fruit  shipped  through  the  Exchange,  it  has  been  able  to  spend  well  over  a  million 
dollars  a  year  in  recent  years,  for  advertising,  which  has  had  a  large  part  in  ex¬ 
panding  the  market  with  increasing  production. 

Beginnings  in  co-operation  have  been  made  in  India.  There  was  at  least 
one  co-operative  fruit  growers’  association  in  the  Punjab  before  partition  and  there 
has  been  a  move  to  organize  the  fruit  growers  of  Uttar  Pradesh.  A  Fruit  Develop¬ 
ment  Board  was  started  in  1933,  and  under  it  a  number  of  district  associations 
have  been  organized.  Most  of  these  are  intended  in  the  first  place  to  help  the 
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grower  to  improve  his  production.  Some  are  already  planning  to  deal  with  mar¬ 
keting  also,  and  may  eventually  become  true  co-operative  marketing  societies. 
In  the  earlier  stages,  the  marketing  societies  will  endeavour  to  increase  the  demand 
for  fruit,  arrange  auctions,  both  in  the  market  and  in  members’  gardens,  and  pub¬ 
lish  market  reports.  An  organization  of  this  kind  can  do  much  to  improve  con¬ 
ditions  in  the  markets,  and  to  free  owners  from  the  control  of  rings  of  contractors. 
The  time  does  not  seem  to  be  ripe  for  co-operative  packing  and  sale  of  fruit  in  this 
country,  but  this  may  well  result  after  growers  gain  confidence  in  their  organiza¬ 
tions,  and  in  the  co-operative  principle. 


Chapter  x. 


THE  HEALTH  OF  THE  ORCHARD 


It  is  a  common  experience  to  enter  an  old  garden  and  find  many  trees  missing 
or  dead,  and  those  which  are  alive  obviously  fighting  a  losing  battle  against  a  host 
of  enemies.  It  is  easy  to  ascribe  this  condition  to  neglect  and  poor  care,  but  the 
subject  cannot  be  so  readily  dismissed.  Even  with  the  best  of  care  trees  are  likely 
to  suffer,  and  the  fruit  to  be  injured.  The  successful  grower  must  be  ever  alert 
to  protect  his  trees  and  keep  them  in  good  health. 

If  one  is  to  combat  effectively  the  causes  of  injury  in  the  orchard,  he  must 
first  know  what  these  causes  are — the  identity  and  nature  of  his  actual  or  potential 
enemies.  [  Against  some  he  can  take  such  precautions  that  there  is  little  chance  of 
their  attack.  Others  may  only  be  watched  for,  and  fought  against  whenever  they 
appear.  In  such  cases  itjis  of  extreme  importance  that  the  attack  be  quickly  and 
accurately  diagnosed.  This  is  one  of  the  most  difficult  tasks  the  fruit  grower  must 
face,  for  the  causes  of  poor  health  are  numerous,  and  the  symptoms  are  often  con¬ 
fusing.  Even  in  countries  where  practically  all  serious  diseases  have  been  studied 
and  described,  it  is  frequently  difficult  to  make  a  sure  diagnosis.  Unfortunately, 
in  India  comparatively  few  orchard  ills  have  been  carefully  studied,  and  it  is  fre¬ 
quently  impossible  to  secure  accurate  information  about  some  disease. 


Poor  health  in  the  orchard  may  be  caused  in  a  number  of  ways.  Climatic 
conditions  unfavourable /to  the  particular  fruit  or  variety  may  prevent  normal 
growth  and  fruitfulness.  The  soil  may  be  of  an  undesirable  texture,  or  may  lack 
fertility.  If  the  trees  grow  well  the  first  few  years,  and  then  turn  sickly,  the  cause 
may  be  the  accumulation  of  salts,  but  more  likely  it  is  the  presence  of  an  impervious 
layer  a  few  .feet  below  the  surface  of  the  soil,  or  a  rising  water  table.  Again,  the 
cause  of  poor  growth  may  be  an  inherent  weakness  of  the  tree  because  of  a  poor 
rootstock,  or  improper  treatment  in  the  nursery.  Some  of  these  causes  of  failure 
may  be  overcome  by  proper  cultivation,  irrigation,  and  manuring,  but  others  yield 
no  treatment.  Many  can  be- avoided  by  care  in  selecting  the  orchard  site 

animal^”  ¥£  “"T*  **  -S™,  plan,  and 

Th  taUria  a^’soaTia’  Pla"ts.  *»«*•,  larger  animals  and  birds. 

.  Ctena  are  aomet.mes  centered  as  fungi,  b„t  j,  is  more  convenient  think 
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them  as  a  distinct  group.  There  should  also  be  mentioned  the  viruses,  the 
exact  nature  of  which  is  not  well  understood,  but  which  act  in  a  way  similar  to 
the  bacteria,  although  they  cannot  be  seen  with  even  the  most  powerful  of 
ordinary  microscopes.  For  convenience,  the  term  disease  will  be  used  for  an  abnor¬ 
mal  condition  caused  by  some  fungus,  bacterium  or  virus,  but  not  for  the  injury 
caused  directly  by  insect  attack.  Abnormalities  caused  by  environmental  factors 
such  as  poor  drainage  are  referred  to  as  physiological  diseases. 

In  many  cases,  more  than  one  cause  of  injury  is  present  in  a  tree.  Un¬ 
favourable  soil  and  climatic  conditions  render  plants  more  susceptible  to  some 
diseases  and  insect  pests,  and  the  presence  of  one  disease  may  encourage  another. 
Some  insects  cause  direct  damage,  and  are  also  indirectly  harmful  in  that  they 
spread  disease  from  one  plant  to  another. 

Plants  have  suffered  from  disease  and  insects  since  the  earliest  times  in 
recorded  history,  but  the  nature  of  the  causes  was  for  long  unknown.  In  many 
cases,  the  insects  damaging  crops  were  recognized,  but  little  was  known  of  their 
life  histories.  Fungous  diseases  were  entirely  mysterious,  and  were  regarded  in 
some  cases  as  evidence  of  divine  displeasure.  Treatment  based  on  such  theories 
was  not  effective.  Pliny,  who  lived  at  the  beginning  of  the  Christian  era,  record¬ 
ed,  with  apparent  faith  in  their  value,  such  remedies  as  the  burying  of  a  frog  in 
the  middle  of  the  field  to  be  protected.  Remedies,  many  of  them  fantastic,  were 
tried,  but,  of  them  all,  the  only  one  which  has  survived  intoi  a  scientific  age  is  sul¬ 
phur. 

The  discovery  of  the  true  cause  of  disease  was  impossible  until  the  invention 
of  the  microscope,  and  did  not  actually  occur  until  many  years  later.  Gradually 
the  knowledge  of  microscopic  organisms  increased,  and  methods  of  combating 
them  in  plants  as  well  as  in  animals,  were  developed.  The  science  of  plant  path¬ 
ology  is  almost  entirely  the  products  of  the  period  since  1880.  While  insects) 
were  studied  at  an  earlier  date,  modern  methods  of  control  have  no  long  history. 
In  bo*h  fields,  pathology  and  entomology,  there  still  remains  much  to  be  done, 
but  this  consists  of  the  application  to  particular  diseases  and  insects,  of  the  prin¬ 
ciples  which  have  already  been  worked  out. 

Orchard  Sanitation 

Just  as  sanitary  habits  are  important  in  maintaining  human  health,  orchard 
sanitation  is  necessary  as  a  basis  for  fighting  orchard  ills.  Weeds  harbour  both 
insects  and  diseases,  and  should  not  be  allowed  to  grow  in  the  orchard,  at  least 
for  long  periods.  During  the  rainy  season  it  may  be  desirable  to  allow  weeds  to 
grow,  along  with  any  cover  crop  which  may  be  planted,  to  prevent  erosion  and 
provide  a  green  manure.  But  at  the  end  of  the  season  they  should  be  completely1 
destroyed.  Not  only  are  weeds  dangerous  in  the  orchard  itself,  but  also  in  fence- 
rows,  hedges  and  neighbouring  fields.  Cultivation  of  the  soil  at  some  seasons 
tends  to  kill  certain  insects.  If  diseased  branches  are  allowed  to  remain  m  the 
trees,  they  may  serve  as  sources  of  infection.  They  should,  as  far  as  is  practi¬ 
cable,  be  removed.  In  some  cases  the  infection  may  be  so  general  that  the  loss 
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resulting  from  such  severe  pruning  as  would  remove  all  infected  branches  would 
he  greater  than  the  loss  from  the  disea.se.  This  may  be  true  of  l.mes  infected  w.th 
canker.  The  presence  of  dead  or  broken  branches,  which  may  readily  become 

infected  is  a  danger  which  should  be  avoided. 

Most  important  of  all,  in  the  avoidance  of  conditions  favourable  to  disease, 
is  the  maintenance  of  vigour  by  means  of  proper  cultivation,  irrigation  and  manur¬ 


ing. 


It  is  the  run-down  orchard  which  is  most  likely  to  be  attacked  by  pests. 


When  trees  seem  to  be  lacking  in  health,  the  first  move  is  to  find  out,  if  pos¬ 
sible,  the  cause.  The  tree  should  be  examined  for  the  presence  of  insects,  or  evi¬ 
dence  of  insect  damage.  The  leaves  may  be  eaten  or  deformed.  The  refuse  of 
borers  or  bark-eating  beetles  may  be  seen  clinging  to  the  trunk  or  branches.  If 
there  is  no  sign  of  insect  damage,  there  may  be  evidence  of  disease.  This  may 
consist  of  the  fruiting  bodies  of  fungi,  of  dead  or  discoloured  leaves  or  twigs,  of 
gum  oozing  from  the  tree,  or  of  dead  bark.  W  hen  either  the  causal  organism,  or 
[lie  symptoms  are  found,  it  is  next  desirable  to  identify  the  disease  or  insect.  The 
grower  may  be  able  to  do  this  himself,  or  by  concultation  with  more  experiencted 
neighbours.  It  may  be  necessary  to  secure  the  aid  of  a  trained  entomologist  or 
plant  pathologist.  Such  help  may  ordinarily  be  secured  from  the  department  of 
agriculture.  Advice  may  also  be  secured  as  to  the  best  control  measures.  The 
more  intelligent  orchardist  will  also  wish  to  know  the  life  history  of  thfc  fungus  or 
insect,  so  as  to  be  able  to  attack  it  when  it  is  most  vulnerable. 


Biological  Control 

Measures  for  controlling  insect  pests  may  be  divided  into  the  biological;  the 
mechanical,  such  as  hand  picking  or  the  destruction  of  borers  by  thrusting  a  wire 
into  their  holes;  and  the  chemical,  the  use  of  poisons.  The  latter  may  again  be 
divided  into  contact  insecticides,  stomach  poisons  and  gases.  Repellents  are  sub¬ 
stances  which  do  not  actually  kill  the  insects,  but  protect  the  plant  by  making  it  un¬ 
attractive  to  the  insects.  Biological  control  of  insects  is  more  important  than  is 
generally  realized.  It  consists  mainly  of  the  use  of  other  insects  which  prey  upon 
the  pests,  or,  more  rarely,  of  the  encouragement  of  a  disease  which  attacks  the  pest. 
Predators  or  predaceous  insects  attack  and  eat  other  insects.  Parasites  lay  their 
eggs  within  the  body  of  the  insect  and  the  young  develop  at  the  expense  of  the  host, 
ultimately  killing  il.  In  any  area  where  a  particular  kind  of  plant  has  been  grow¬ 
ing  or  a  very  long  time,  there  are  likely  to  be  both  insect  pests  and  their  parasites 
or  predators  which  tend  to  keep  them  in  cheek.  There  are  present  in  India  certain 

seriom  CTr  °  TT'T  haVe  “T*  ^  damaSe'  but  "hich  here  *>°t 
;  l  'S  ’?  I>r°  ab  y  because  their  natural  enemies  prevent  a  large  increase 

without  T'  8  Pest  iS  accidenla"y  carried  from  one  country  to  another 

expense  '’"T'’  “  may  cause  lmmense  damage,  or  be  controlled  only  at  great 
xpense  In  such  cases  ,t  is  now  a  recognized  practice  to  send  to  the  count™  of 

thifme,horr5,t7  °r  Predaj°rS'  Whi'e  thc  !ni,ial  exPensc  is  comparatively  iLge, 

how  the  fluted  ralewalTt  7  eC,°"0mica'  contro1  measure-  Pruthi  (1950)  tells 
l,  a,e  Kas  ,Mroduced  from  Australia  about  1900,  and  temporarily 
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held  in  check  by  introducing  a  beetle,  Rodolia  cardinalis,  from  Australia.  In  1941 
it  was  found  that  the  scale  had  become  widespread  in  South  India,  and  a  serious 
threat.  By  the  mass  production  and  distribution  of  this  beetle,  and  other  predators, 
within  three  years  the  danger  had  been  greatly  reduced.  Smith  (1948)  gives  the 
history  of  efforts  to  use  biological  control  on  many  insect  pests  of  citrus  in  Cali¬ 
fornia,  including  entomological  expeditions  to  many  parts  of  the  world.  In  several 
cases  the  success  achieved  was  outstanding.  During  the  year  1950  at  least  two 
American  entomologists  were  in  India  searching  for  parasites  of  fruit  flies,  and 
another  was  studying  the  biological  control  of  citrus  white  flies.  Ants  often  pro¬ 
tect  such  insects  as  scale  and  aphids  which  secret  honeydew,  from  their  enemies,  and 
biological  control  in  such  cases  requires  measures  to  eliminate  the  ants.  Poison 
syrup  is  used  for  this  purpose.  As  Fawcett  (1948)  points  out,  fungous  and  bac¬ 
terial  diseases  of  insects  are  fairly  common,  but  this  form  of  biological  control  has 
had  comparatively  little  study.  Birds,  mammals,  and  reptiles  sometimes  feed  on 
insects  and  help  to  reduce  their  numbers. 


In  the  chemical  control  of  insect  pests,  contact  insecticides  and  stomach 
poisons  are  commonly  used.  The  type  to  be  used  depends  largely  on  the  feeding 
habits  of  the  insect  concerned.  Stomach  poisons  are  effective  only  against  those 
with  biting  mouth  parts,  and  a  few  which  lap  up  moisture  from  the  surface.  Even 
a  few  of  the  biting  insects  cannot  be  killed  with  poisons,  as  they  carefully  discard 
the  surface  tissues.  Most  of  them,  however,  may  be  poisoned,  and  this  method  has 
distinct  advantages  over  all  others.  Once  the  foliage  and  fruits  are  covered  with 
the  poison,  the  tree  is  protected  until  new  growth  takes  place,  or  heavy  rams  wash 
the  poison  off.  The  material  may  be  applied  in  advance  of  the  attack,  and  prevent 
practically  all  damage.  In  general,  stomach  poisons  are  less  likely  to  damage  the 

tree  than  contact  insecticides. 


Many  insects  have  a  long  beak  or  proboscis,  which  they  thrust  through  the 
surface,  and  with  which  they  suck  juice  from  the  tissues  of  the  plant.  Stomach 
poisons,  on  the  surface,  are  obviously  of  no  avail  against  these.  Against  such  pests, 
contact  insecticides  are  used.  As  the  name  indicates,  these  kill  the  insect  by  mimng 
into  contact  with  it.  There  are  various  types  of  contact  sprays  and  poisons.  Ihe 
most  common  cause  death  by  suffocation,  by  closing  the  breathing  pores,  or  by- 
paralyzing  the  nervous  system.  It  is  necessary  to  bring  the  insecticide  into  actual 

contact  with  the  insect.  Thus  the  treatment  must  be  carried  out  when  the  insects 

are  present  except  in  the  case  of  some  of  the  newer  insecticides,  such  as  DDT.  whim 
retain  their  effectiveness  for  some  time;  it  must  be  very  thorough;  and  it  must  he 
repeated  when  a  new  batch  of  insects  arrives. 

Gases  are  used  in  a  few  cases.  They  are  of  great  importance  in  treat  „ 
stored  seed.  The  most  spectacular  use  of  gas  in  fruit  growing  is  t  e  umiga i  ion 
citrus  trees  with  hydrocyanic-acid  gas' to  control  scale  insects.  is  "a  ’ 

according  to  Woglum  (1949),  in  California  in  1886,  the  gas  being  generated  from 
potassium  cyanide.  Later  the  cheaper  sodium  cyamde  was^use^^  ^ 
liquid  hydrocyanic  acid  has  become  popular  In  192  Q  >  ^  substances. 

cyanide  dust  could  be  used,  and  was  easier  to  handle  thai 
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This  method  has  become  popular  in  other  countries,  and  has  been  used  to  a  limite 
extent  in  India.  Fumigation  is  an  expensive  process,  and  is  used  only  when  other 
insecticides  are  ineffective.  It  involves  the  use  of  stout  canvas  tents  to  cover  the 
trees  during  the  process,  and  in  order  to  avoid  damage  to  the  trees,  must  be  done  at 
night  and  when  the  trees  are  dry.  Certain  powders,  such  as  pyrethrum,  are  gener¬ 
ally  classed  as  contact  insecticides,  but  give  off  gases  which  kill  the  insects.  Gases 
are  also  used  in  some  cases  to  prevent  the  decay  of  fruit  in  storage.  Klotz  (1936) 
has  reported  the  successful  use,  commercially  as  well  as  experimentally,  of  nitrogen 
trichloride  to  prevent  blue  and  green  moulds  on  oranges,  while  monomethylchlore- 
mine  has  proved  better  for  grapefruit  and  lemons. 

r  • 

Stomach  Poisons 

Historically,  the  first  modern  stomach  poison  to  come  into  use  is  that  known 
as  Paris  green.  It  was  first  used  soon  after  1860,  in  the  United  States.  For  many 
years  it  was  very  commonly  used,  but  it  has  now  been  largely  discarded  in  favour 
of  safer  insecticides.  It  is  still  used  in  preparing  poison  baits,  and  to  a  certain 
extent  in  spraying  field  crops.  It  is  not  to  be  recommended  for  fruit  trees,  as  it  is 
very  likely  to  ‘burn'  the  leaves.  Paris  green  is  the  aceto-arsenite  of  copper,  and  is 
likely  to  contain  about  4J%  of  water-soluble  arsenic,  which  is  likely  to  cause 
damage.  It  received  its  name  because  of  its  brilliant  green  colour.  If  used  at  all, 
it  should  be  mixed  with  lime. 


.  Most  of  the  other  stomach  poisons  are  also  arsenic  compounds.  The  most 
commonly  used  today  is  lead  arsenate,  which  is  marketed  as  a  grayish-white  powder 
or  paste.  There  are  two  types  on  the  market,  the  so-called  acid  or  hydrogen  lead 
arsenate  (PbHAs04)  and  the  basic  or  neutral  [Pb4PbOH  (AsO03]  which  is  often 
listed  as  PbAs04.  The  acid  form  should  contain  about  32%  arsenic  acid,  as  a 
powder,  and  16%  when  purchased  in  paste  form.  Basic  lead  arsenate  contains 
about  23%  and  11%  respectively.  The  acid  form  is  more  toxic,  but  is  also  more 
likely  to  damage  the  foliage.  Under  most  conditions  the  basic  lead  arsenate  is 
entirely  safe,  but  about  one  third  more  is  required  for  effective  control.  Ordinarily 
from  4  to  8  pounds  of  paste,  or  2  to  6  pounds  of  powder  should  be  used  with  100 

gallons  of  water.  Richards  and  Sharma  (1933)  advise  that  8  pounds  of  slaked 
lime  be  first  added  to  the  water. 

Lead  arsenate  is  also  applied  as  a  dust,  in  which  case  it  should  be  mixed  with 
slaked  1, me  or  sulphur  the  arsenate  forming  5%  to  15%,  or  occasionally  as  high 
s  /to  tie  total.  With  tender  foliage  it  is  safer  to  use  at  least  20%  slaked  lime. 

'  “rsenate  is  a  dangerous  poison,  and  should  be  handled  with  great  care 
I.  Should  he  kept  on,  of  reach  of  animals,  children  and  ignorant  persons  In  sml  I 
amounts  ,t  has  no  immediate  effect,  and  it  was  formerly  thought  that  there  w^no 
danger  from  that  which  might  adhere  to  fruit  sprayed  will, I  i,  I  ,  V  ,  , 

■hat  the  continued  eating  of  very  small  amountTmlght  I e  i, 'urio^  ^ 

="  “'s.;:  ii™1  -7  •  -o  .™‘~ 
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many  samples  of  drinking  water  more  lead,  than  the  legal  tolerances  of  spray  resi¬ 
due  in  the  United  States.  And  as  Morris  (1941)  has  pointed  out,  a  study  of  men 
working  with  lead  arsenate  in  the  orchard,  as  well  as  of  the  consumers  of  sprayed 
fruit  shows  that  there  is  no  evidence  of  harm  caused  by  the  spray.  Nevertheless,  as 
long  as  the  laws  stand  or  the  public  is  alraid,  special  efforts  must  be  made  in  pre¬ 
paring  such  fruit  for  the  market,  to  remove  all  spray  residue. 

Calcium  arsenate  is  sometimes  used  as  an  insecticide,  and  is  both  cheaper  and 
stronger  than  lead  arsenate,  but  it  is  unstable,  and  likely  to  damage  the  foliage.  It 
cannot  be  recommended  for  spraying  fruit  trees. 


Lead  chromate  has  been  used  to  a  certain  extent  in  India,  and  was  recom¬ 
mended  by  Fletcher  (1914)  because  of  its  comparative  safety.  Not  only  does  its 
yellowr  colour  make  it  very  easily  recognized,  but  it  is  not  very  poisonous  to  animals. 
Unfortunately  it  is  not  a  sufficiently  effective  insecticide  to  justify  its  use. 


Sodium  fluosilicate  has  been  suggested  from  time  to  time,  as  it  has  certain 
obvious  advantages.  It  is  cheaper  than  the  arsenicals,  and  kills  insects  more  rapid¬ 
ly.  It  is  perhaps  somewhat  less  poisonous  to  man,  but  the  amount  tolerated  by  law 
is  very  low,  and  it  is  fully  as  difficult  to  remove  from  fruit  as  lead  arsenate.  Applied 
as  a  spray,  it  is  dangerous  to  tbe  foliage,  and  it  is  difficult  to  use  as  a  dust. 
For  these  reasons  it  is  not  popular,  but  experiments  are  still  being  carried  on  with 
this  and  other  fluorine  compounds. 


There  are  several  plant  products  used  as  poison  insecticides,  the  most  Im¬ 
portant  being  hellebore,  made  by  grinding  the  roots  of  the  white  hellebore  plant. 
It  contains  alkaloids  which  are  effective  both  as  poison  and  as  contact  insecticide*. 
It  is  harmless  to  man,  and  may  be  used  on  fruit  which  is  almost  ripe.  It  is  com¬ 
paratively  expensive,  and  therefore  not  widely  used  in  horticulture.  One  ounce  is 
used  to  a  gallon  of  water,  or  to  5-10  ounces  of  slaked  lime  lor  dusting. 


Contact  Insecticides 

A  large  number  of  substances  are  used  as  contact  insecticides,  with  varying 
degrees  of  success.  The  most  important  types  are  the  vegetable  products,  soaps, 
mineral  oils,  sulphur  sprays,  and  organic  compounds. 

The  most  important  of  the  plant  materials  is  tobacco,  the  effective  agent  being 
the  alkaloid,  nicotine.  Most  insects  have  the  good  taste  to  dislike  the  smell  of 
tobacco,  which  is  attractive  to  so  many  men,  and  thus  it  acts  as  a  repellent  as  w 
as  a  contact  insecticide.  Tobacco  decoction  is  easily  prepared,  and  fa,  y  sat  sfac 
tory.  The  coarser  and  stronger  the  tobacco  is,  the  better  ,t  is  for  this  purpose 

repeated  tT-S  In 

L:  r 

ir;:^ 

Snngctr^  *  »;u"d  °f  ieaves  °r  one  pound  of 
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stems  for  each  gallon  of  water  used,  with  no  further  d.lution .  As  there  « ^  * 

of  harming  the  plant  with  strong  solutions,  it  is  better  to  use  a  solution  stronDer 
than  Pessary  than  one  which  is  too  weak.  The  greatest  difficulty  tn  ustng  home- 


made  decoctions  is  the  variation  in  nicotine  content. 

Greater  accuracy  is  possible  by  using  commercial  nicotine  preparations,  which 
are  sold  under  several  trade  names.  The  most  popular  strength  is  that  which  con¬ 
tains  40%  of  nicotine  sulphate.  These  preparations  are  expensive,  but  are  greatly 
diluted  before  use.  Recommendations  vary  from  one  part  of  40%  nicotine  sulp  mte 
to  550  parts  of  water,  to  about  half  that  strength.  Probably  one  part  to  800  is 
sufficient  under  most  conditions.  For  small  operations,  one  teaspoonful  in  a  gallon 
of  water  may  be  used.  The  dilute  mixture,  or  tobacco  decoction,  should  contain 

not  less  than  .05%  nicotine,  according  to  Mason  (1928). 

Tobacco  sprays  may  be  mixed  with  soap,  oils,  or  other  spray  materials.  They 
are  effective  only  when  they  actually  strike  the  insect  to  be  killed.  They  are  more 
effective  in  hot  dry  weather  than  wh'en  it  is  cool.  Such  soft-bodied  sucking  insects 
as  aphids  are  frequently  controlled  with  tobacco  sprays. 

Dusting  is  also  done.  Ground  stems  of  tobacco  have  long  been  used,  and 
may  be  recommended  for  easily  killed  pests.  Here  again  the  variability  is  great. 
Nicotine  dusts  are  prepared  by  adding  nicotine  sulphate  or  free  nicotine  to  a  carrier 
such  as  lime.  These  dusts  are  dbout  as  effective  as  nicotine  sprays. 

A  very  promising  contact  insecticide  can  be  made  from  a  plant  commonly 
grown  in  India,  the  yellow  oleander,  Thevetia  nereifolia.  Cherian  and  Ramchand- 
ran  (1942),  who  discovered  this  fact,  found  an  infusion  made  by  soaking  the  crushed 
kernels  in  cold  water  for  24  hours,  or  a  decoction  made  by  boiling  them  for  five 
minutes,  the  best  form.  An  oil  emulsion  was  also  successful.  At  the  rate  of  one- 
fourth  ounce  of  kernel  to  a  gallon  of  water,  it  was  effective  for  aphids  and  other 
soft-bodied  insects;  twice  that  amount  for  most  other  insects;  and  one  ounce  for 
scale.  In  order  to  kill  the  scale  nymphs  as  tliey  emerge,  the  treatment  must  be 
repeated  two  or  three  times  at  intervals  of  three  or  four  days.  In  all  cases  as  much 
soap  should  be  added  as  the  amount  of  kernel  used.  At  the  rate  of  one  ounce  per 
gallon  it  was  tried  on  the  foliage  of  plants  of  a  number  of  species,  without  damage 
even  to  tender  foliage. 


Pyrethrum  powder,  sometimes  called  buhach,  is  made  by  grinding  the  flower- 
heads  and  stalks  of  certain  species  of  Pyrethrum.  It  contains  a  very  volatile  oil 
which  is  toxic  to  insects.  It  must  be  kept  air-tite  until  used,  and  loses  its  toxicity 
very  quickly.  It  is  of  value  chiefly  for  use  on  fruit  or  vegetables  shortly  before 
harvest,  as  it  leaves  no  harmful  residue.  Because  of  its  high  cost,  it  is  not  com¬ 
monly  used.  It  has  long  been  used  for  certain  purposes,  and  continues  its  limited 
popularity.  It  is  generally  used  as  a  dust,  but  occasionally  as  a  spray. 

Rotenone  is  tfie  active  drug  found  in  a  number  of  plants,  and  extracted  mainly 
from  cube  and  derris  roots.  It  is  primarily  a  contact  insecticide,  but  is  used  to 
some  extent  as  a  stomach  poison  also.  It  is  not  dangerous  to  man  or  the  larger 
animals.  Its  use  seems  to  be  increasing,  perhaps  because  of  legislation  against 
the  more  dangerous  poisons.  Practically  all  derris  is  produced  in  Malaya,  where 
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according  to  Grist  (1935) ,  it  is  a  profitable  crop.  Cube,  obtained  from  two  species 
of  the  leguminous  genus  Lonchocarpus,  is  also  grown  in  that  region,  according  to 
Mil  sum  (1935).  A  decoction  made  from  chips  of  quassia  wood  has  also  been  used, 
and  is  about  as  effective  as  nicotine  sulphate,  but  as  it  is  as  expensive,  and  more 
troublesome,  it  is  not  much  used.  , 

Soap  has  long  been  popular  as  a  contact  insecticide  for  very  small-scale  oper¬ 
ations,  principally  because  it  is  cheap  and  easy  to  obtain.  It  is  only  moderately 
effective.  It  is  used  to  a  considerable  extent  as  a  spreader  with  nicotine  sprays,  and 
as  a  llux  in  making  oil  emulsions.  While  ordinary  soap  may  be  used,  fish  oil  soap 
is  to  be  preferred.  Two  types  are  on  the  market,  that  being  made  with  caustic 
potash  being  soft  and  that  with  caustic  soda  being  hard.  The  latter  is  easier  to 
handle,  but  must  be  sliced  and  dissolved  in  hbt  water.  A  fish  oil  soap  containing 
resin  (rosin)  is  also  available,  and  the  resin  in  it  makes  it  more  adhesive.  When 
soap  is  used  alone,  about  one  pound  to  three  gallons  of  water  should  he  used. 
A  compound  made  by  adding  two  pounds  of  powdered  resin  to  one  pound  of  wash¬ 
ing  soda  in  one  gallon  of  boiling  water,  and  again  boiling,  is  sometimes  used. 

Mineral  oils  are  very  effective  insecticides,  but  if  used  undiluted  they  would 
severely  damage  foliage,  and  even  the  wood.  They  are  never  so  used,  but  in  the 
form  of  emulsions  or  as  miscible  oils.  An  emulsion  is  a  water-and-soap  suspen¬ 
sion  of  oil,  while  a  miscible  oil  is  an  oil  solution  of  the  soap  emulsifier.  Even 
these  preparations  may  be  dangerous  to  most  foliage,  and  are  most  satisfactory  as 
dormant  sprays.  Richards  and  Sharma  (1933),  however,  recommend  a  kerosene 
emulsion  for  use  against  mango  hoppers.  One  pound  of  soft  soap  is  dissolved  in  a 
gallon  of  water  and  boiled,  and  while  it  is  still  hot  two  gallons  of  kerosene  oil  is 
added,  being  forced  into  the  soap  solution  through  the  jet  of  a  spraying  machine. 
One  gallon  of  the  emulsion  may  he  added  to  from  10  to  30  gallons  of  water  for 
spraying.  Commercial  kerosene  emulsions  may  be  purchased,  and  used  one  gallon 
to  30  or  40  gallons  of  water  for  spraying  young  foliage  and  flowers  of  the  mango. 

In  other  countries  kerosene  emulsions  are  now  little  used,  distillate,  lubricat¬ 
ing  and  crude  oils  being  more  satisfactory.  These  are  prepared  in  much  the  same 
way.  Some  are  heated  to  thie  boiling  point,  and  others  are  prepared  cold,  with 
the  use  of  calcium  caseinate  or  other  emulsifiers  instead  of  soap. 


Sulphur  Insecticides 

Sulphur  insecticides  have  been  used  for  hundreds  of  years,  and  some  of  them 
are  extremely  effective.  Sulphur  itself  is  used  in  several  forms,  both  as  a  spray 
and  as  a  dust.  It  is  used  against  such  insects  as  hoppers  and  against  mites.  As  tt 
is  of  more  importance  as  a  fungicide,  it  will  be  discussed  in  more  detail  later. 

Undoubtedly  the  most  important  sulphur  insecticide  is  that  known  as  lime- 
sulphur  This  also  is  a  powerful  fungicide.  The  form  called  self-boded  is  nufc, 
nd  is  seldom  used  as  an  insecticide.  Lime-sulphur  is  a  complex  mixture  of  chem- 
t  reTultimr  from  the  interaction  of  lime,  water  and  sulphur.  It  owes  its  effec 
the  presence  of  polysulphides  of  calcium,  which  act  as  reducing  agents, 
breTkTng  down  into  calcium  thiosulphate  and  finally  calcium  sulphate.  Lime 
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sulphur,  even  when  diluted  for  spraying,  can  damage  tender  skin.  Sprayers  often 
protect  their  faces  with  cold  cream,  and  try  to  avoid  getting  the  spray  into  their 
eyes,  where  it  stings  badly  for  a  few  seconds.  The  concentrated  material  must  be 
carefully  handled. 

Concentrated  lime-sulphur  may  be  bought  in  barrels,  and  as  it  is  not  easy  to 
prepare  at  home,  this  is  probably  the  best  policy,  unless  large  quantities  are  needed. 
In  the  latter  case  it  may  be  economical  to  make  it  locally,  especially  if  the  material 
must  be  shipped  a  long  distance.  A  dry  form  is  also  marketed,  but  the  addition  of 
a  stabilizer,  such  as  sugar,  is  necessary.  This  increases  the  cost.  The  effectiveness 
is  also  less,  so  that  the  cost  per  acre  is  much  greater. 

There  are  several  formulae  for  making  lime-sulphur  stock  solution.  In  each, 
about  twice  as  much  sulphur  as  lime  is  used.  A  popular  formula  is  50  pounds  of 
quicklime,  100  pounds  of  sulphur  and  50  gallons  of  water.  The  quicklime  should 
be  of  high  quality  and  fresh.  The  sulphur  should  be  finely  ground.  A  large  iron 
kettle  is  needed.  This  is  put  over  a  fire  and  the  lime  is  added  with  enough  water 
for  slacking.  When  this  is  well  started,  the  sulphur  is  added,  and  when  slaking  is 
finished,  the  rest  of  the  water  is  added.  Constant  stirring  is  needed  until  the  solu¬ 
tion  boils,  and  occasional  stirring,  or  the  adding  of  cold  water  may  be  necessary  to 
prevent  it  from  boiling  over.  It  should  be  cooked  until  it  has  a  rich  amber  colour, 
showing  that  the  free  sulphur  has  disappeared.  This  may  take  from  35  minutes  to 
an  hour.  The  solution  should  then  be  drawn  off  and  allowed  to  stand  for  a  dav 
or  two,  and  then  decanted  into  storage  barrels. 

The  stock  solution  should  be  diluted  before  being  used.  As  the  strength  of 
home-made  lime-sulphur  varies,  it  can  be  diluted  properly  only  by  testing  it  with  a 
specific  gravity  or  Baume  hydrometer.  Scales  are  available,  showing  the  amount 
of  stock  solution  to  be  used.  One  gallon  of  stock  solution  of  average  specific  gravi¬ 
ty  to  50  gallons  of  water  is  a  common  dilution 

Two  more  or  less  similar  sprays  are  the  so-called  soluble  sulphur  and  barium 
tetrasulphide,  in  which  sodium  and  barium,  respectively,  are  substituted  for  the 
lime.  Neither  is  as  satisfactory  as  lime-sulphur. 


i,  Newer  Insecticides  / 

During  the  second  World  war,  an  insecticide  known  as  DDT  came  into  use 
and  proved  very  effective  against  a  number  of  insects  including  flies  and  mosqui- 
toes.  This  is  dichloro-diphenyl-trichlorethane,  and  had  been  discovered  many  years 
earUe.  but  never  used  commonly.  I,  is  not  only  toxic  to  a  large  number  of  species 

but  keeps  lls  t0xic“>'  for  a  ,on8  “me  after  application.  This  is  an  advantage  hm 
makes  more  care  necessary  in  its  application.  Two  related  compounds  are  use,  to 

a  hunted  extent  methoxy-DDT,  and  dichloro-diphenyl-dichloroethane,  whfh  s 

known  as  DDD.  At  about  the  same  time  that  DDT  became  popular  another 
insecticide  was  widely  introduced,  benzene-hexachloride  or  hexachlorocycToh  fane 

I  BHC  TV  a  38  gammexa"e’  in  ‘Iso  as  666,  and  i„  the  United  S,a"es 

BHC.  This  IS  effective  against  a  wide  range  of  insects,  as  a  poison,  contact  inscc 
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ticide.  and  fumigant,  but  has  a  musty  odour  which  may  he  imparted  to  foods  with 
which  it  comes  in  contact. 

The  popularity  of  these  organic  insecticides  has  led  to  a  large  amount  of 
investigation  which  is  still  continuing  and  has  already  produced  several  other  prom¬ 
ising  compounds  (Hensill,  1950).  Lindane  is  99  or  100%  pure  gamma  isomer  of 
gammexane  and  has  all  the  insecticidal  properties  of  it,  but  has  no  odour,  no  ac- 
cummulation  of  a  poisonous  residue  in  animals,  and  can  be  used  on  plants  the  sensa- 
tive  foliage  of  which  is  damaged  by  gammexane.  TEPP,  tetraethyl-pyrophosphate, 
is  reportedly  more  than  100  times  as  toxic  as  DDT,  leaves  no  poison  residue,  and  is 
apparently  one  of  the  best  insecticides  for  red  spider  mites  and  aphids,  as  well  as 
being  effective  against  some  other  insects.  Parathion,  0,0-diethyl  O-para-nitrophenyl 
thiophosphate,  is  another  new  organic  insecticide  of  some  promise,  being  effective 
against  some  of  the  same  pests  as  TEPP,  with  longer  residual  activity.  As  it  is 
toxic  to  warm-blooded  animals  when  swallowed  or  absorbed  through  the  skin,  and 
has. not  yet  been  very  thoroughly  tried  out,  caution  is  still  required  in  its  use.  Cress- 
man  and  others  (1949)  report  promising  results' in  the  control  of  California  red 
scale,  especially  when  added  to  an  oil  spray. 

Systemic  insecticides  are  those  which  are  absorbed  by  the  foliage  or  the 
roots,  or  are  injucted  into  the  stem,  and  are  transported  to  all  parts  of  the  plant  and 
kill  the  sucking  insects.  Several  organic  phosphate  compounds  have  been  used  on 
annuals,  and  show  much  promise  in  the  case  of  fruit  trees, -but  more  information  is 
necessarv  both'  as  to  the  best  methods  of  use  and  the  possible  harm  to  the  plants  are 
to  those  who  eat  fruits  from  such  plants.  The  method  not  only  protects  the  plants 
for  several  months,  in  some  cases,  but  has  the  great  advantage  of  not  interfering  wit  i 
biological  control.  Some  of  the  very  effective  contact  insecticides,  on  the  other 
hand,  are  dangerous  because  they  kill  parasites  and  predators,  and  sometimes  allow 
a  great  increase  of  such  pests  as  scale  insects  and  mites. 

With  further  development  and  trial,  it  seems  quite  possible  that  some  o 
these  or  other  organic  insecticides  may  very  largely  replace  insecticides  which  have 
been  Pop2  for  many  years.  They  may  make  possible  more  satisfactory  control 

of  insect  pests  than  has  been  possible  up  to  the  present. 

Fungous  Diseases 

Plant  diseases  are  controlled  mainly  by  preventing  or  reducing  infection.  In 

nrost  cases,  once  the  ^ main 

by  removing  the  infect  I  •  face  and  can  be  destroyed  by  spray 

It  bacterial”  cliseases, n once  “establ ished,  are  pa^icularly  difficult  to  eradicate  ^ 

Fungous  diseases  spread  by  ^  “  h“™lf.  “if  condi- 

£  ^ £  .-z.; 

provide  a  convenient  entrance.  The  fungus  develops 
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rapidly,  spreading  to  the  surrounding  tissue,  and  in  a  short  period  is  producing 
spores  for  further  infection.  Bacteria  spread  in  much  the  same  way. 

Control  of  diseases  therefore  lies  largely  in  avoiding  sources  of  infection  and 
killing  the  germinating  spores,  on  the  surface  of  the  host.  By  avoiding  other  hosts, 
and  by  removing  all  parts  known  to  be  infected,,  the  supply  of  spores  can  be  great¬ 
ly  reduced.  This  is  particularly  effective  if  carried  out  on  a  large  scale.  It  is  of 
little  use  for  one  grower  to  control  the  sources  of  infection  on  his  property,  if  his 
neighbours  make  no  similar  effort. 

Spraying  is  used  mainly  to  protect  the  plants  from  infection.  The  spores 
are  well  protected.  When  they  germinate,  however,  they  are  comparatively  easily 
killed  by  toxic  substances  on  the  surface  on  which  they  lie.  The  secret  of  success¬ 
ful  control,  therefore,  is  the  coating  of  tjie  leaves,  tender  twigs  and)  young  fruits 
with  some  material  which  will  not  injure  the  host,  but  will  kill  the  germinating 
spores.  Such  a  material  is  called  a  fungicide. 

Bordeaux  Mixture 


The  most  popular  of  all  fungicides  is  that  known  as  Bordeaux  mixture.  It 
is  also  one  of  the  first  to  be  used  successfully,  although  sulphur  was  used  as  a  fungi¬ 
cide  somewhat  earlier.  The  history  of  the  discovery  of  Bordeaux  mixture  is  one  of 
the  most  famous  bits  of  horticultural  lore.  It  followed  upon  the  introduction  into 
France  of  the  downy  mildew  of  grapes  from  America.  This  disease  caused  much 
damage.  At  the  same  time,  growers  whose  vineyards  were  along  the  highways 
suffered  from  the  theft  of  their  crop.  In  order  to  discourage  thieves,  some  of  the 
growers  tried  to  cover  the  grapes  with  verdigris,  or  with  a  mixture  of  copper  sul¬ 
phate  and  lime,  so  that  they  would  appear  to  be  poisoned.  Of  those  who  followed 
this  practice,  one,  a  scientist  named  Millardet,  was  observant  enough  to  notice  in 
1882  that  the  vines  so  treated  did  not  lose  their  leaves  from  the  mildew  as  did  the 
untreated  vines.  Thus  by  accident  was  it  discovered  that  copper  sulphate  would 
prevent  the  mildew,  and  that  by  mixing  this  with  lime,  the  plants  were  saved  from 
the  damage  which  made  the  use  of  copper  sulphate  alone  impracticable.  The 
mixture  soon  became  known  as  Bordeaux  mixture,  from  the  name  of  the  region 
where  it  was  first  used. 


The  use  of  the  new  fungicide  spread  to  other  countries,  and  it  has  ever  since 
been  the  one  most  commonly  used.  Many  formulae  have  been  developed,  and  are 
expressed  in  terms  of  the  number  of  pounds  of  copper  sulphate  and  of  lime  used 
in  50  gallons  of  water.  Thus  a  common  formula  is  4-4-50,  indicating  four  pounds 
each  of  copper  sulphate  and  lime.  The  formula  3-4-50  would  indicate  three  pounds 
of  copper  sulphate  and  tour  of  lime.  The  strongest  solution  commonly  used  is 
5-5-50.  For  very  tender  foliage  it  is  well  to  reduce  the  formula  to  2-2-50.  Hy- 
rate  ime  may  be  substituted  for  quicklime,  using  about  6£  pounds  instead  of  5. 
.  natopher  (1941)  points  out  that  in  some  cases  a  high  calcium  lime  gives  better 
e?  j‘han  a  h,gh  magnesium  lime.  He  also  advises  caution  in  comparing  re- 
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Bordeaux  mixture  is  easy  to  make,  and  should  be  used  fresh  to  get  the  best 
results.  It  is  therefore  almost  always  made  where  it  is  to  be  used.  Stock  solu¬ 
tions  of  copper  sulphate  (bluestone)  and  lime  are  made,  generally  by  adding  one 
pound  of  each  material  for  each  gallon  of  water.  If  the  copper  sulphate  is  merely 
thrown  into  the  container,  it  will  dissolve  very  slowly,  as  the  solution  remains  at 
the  bottom.  It  should  be  tied  in  a  cloth,  just  under  the  surface.  The  quicklime 
should  be  of  good  quality,  and  should  be  very  fresh.  It  should  be  slaked,  and 
then  the  balance  of  the  water  should  be  added.  These  two  stock  solutions  may  be 
kept  indefinitely.  When  they  are  used,  the  lime  water  is  first  diluted,  and  to  this 
the  copper  sulphate  is  added  while  the  mixture  is  stirred  vigorously.  The  mixture 
can  be  tested  for  free  copper,  which  might  damage  foliage,  by  putting  a  polished 
knife  into  it  for  a  minute.  If  copper  deposits  on  it,  more  lime  should  be  added. 
Bordeaux  mixture  reacts  with  iron  or  steel.  It  is  therefore  necessary  that  it  be 
stored  in  vessels  of  other  materials,  and  that  spraying  equipment  be  of  brass  or 
bronze. 

Burgundy  mixture  is  similar,  but  contains  sodium  carbonate  (washing  soda) 
instead  of  lime.  It  is  somewhat  more  expensive,  but  does  not  stain  the  fruit  on 
which  it  is  used.  It  may  be  used  where  it  is  difficult  to  get  a  good  quality  of  lime. 
The  Department  of  Agriculture,  Bombay  (Anon.  1933  A)  recommends  it  for 
anthracnose  of  the  papaya.  It  is  prepared  just  as  Bordeaux  is. 

Cuprous  oxide  is  reported  by  Blackford  (1941)  to  be  as  effective  as  Bor¬ 
deaux  mixture  in  some  cases,  without  adverse  after-effects.  A  solution  of  1  pound 
of  bluestone,  1  pint  of  molasses,  and  4  pints  of  water  is  mixed  slowly  and  thorough¬ 
ly  with  a  solution  of  5  ounces  of  caustic  soda  in  3  pints  of  water,  and  allowed  to 
stand  for  10  to  15  days,  until  the  colour  changes  from  dirty  green  to  brownish 
yellow.  About  3  gallons  are  used  with  40  gallons  of  water. 

Sulphur  Fungicides  l 

Sulphur  is  a  very  effective  fungicide,  and  is  used  in  a  number  of  forms.  Any 
finely  divided  sulphur  may  be  used  as  a  dust.  It  should  be  fine  enough  to  pass 
through  a  300  mesh  sieve.  Ground,  sublimed,  and  precipitated  sulphurs  are  on 
the  market  for  this  purpose.  They  are  commonly  used  to  control  powdery  mildew 
of  the  grape  and  other  crops.  Sulphur  is  exceedingly  difficult  to  wet,  and  cannot, 
therefore,  be  used  satisfactorily  as  a  spray,  by  itself.  By  adding  certain  substances, 
such  as  glue,  flour,  calcium  caseinate,  skim  milk,  or  lime,  a  sulphur  paste  can  be 
made  which  readily  becomes  suspended  in  water.  This  type  of  spray  is  known  as 
wettable  sulphur.  It  has  become  very  popular,  and  is  said  by  Robinson  (1935)  to 
be  markedly  superior  to  self-boiled  lime-sulphur  as  a  spray  for  trees  in  foliage. 
A  number  of  commercial  preparations  are  on  the  market,  and  several  formulae  are 
recommended.  A  simple  formula  is  given  by  Robinson  as  Oregon  cold-mix  wett¬ 
able  sulphur.  Three  quarts  of  skim  milk  are  diluted  with  an  equal  amount  o 
water,  and  poured  into  a  mixture  of  8  pounds  of  sulphur  and  one  pound  o  y- 
drated  lime,  this  being  stirred  to  form  a  smooth  paste.  This  is  then  added  to 
gallons  of  water  for  spraying.  The  sulphur  should  be  fine  enough  to  pass  through 
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a  300  mesh  screen.  In  warm  weather  more  lime  may  be  necessary  to  prevail  bum- 
ing.  Another  form  is  the  New  Jersey  dry-mix  wettable  sulphur.  In  this  8  pounds 
of  sulphur,  4  pounds  of  hydrated  lime  and  one  half  a  pound  of  calcium  casemate 
are  mixed  together  thoroughly.  This  is  enough  for  50  gallons  of  water. 

Other  sulphur  sprays  have  long  been  popular.  Lime-sulphur,  the  manufac¬ 
ture  of  which  has  already  been  described,  is  used  as  a  fungicide  as  well  as  an  insec¬ 
ticide,  especially  on  dormant  plants.  A  much  milder  fungicide  is  made  by  slaking 
lime  in  the  presence  of  sulphur,  but  without  other  heating.  This  is  known  as  self- 
boiled  lime-sulphur,  although  it  is  not  actually  boiled.  Some  chemical  reaction 
takes  place,  but  for  the  most  part  this  is  a  mechanical  mixture.  Ordinarily  8  to  10 
pounds  each  of  quicklime  and  sulphur  are  used  to  make  50  gallons  of  spray,  the 
water  being  added  only  fast  enough  to  keep  the  lime  slaking  vigorously.  When 
slaking  is  finished,  the  balance  is  added. 

A  number  of  other  fungicides  have  been,  and  are  being  used,  which  are  of 
comparatively  little  importance.  Among  the  more  promising  is  zinc  sulphate,  16 
pounds  of  which,  with  8  pounds  of  hydrated  lime,  are  used  with  100  gallons  of 
water. 


In  recent  years,  a  number  of  organic  fungicides  have  come  into  use,  parti¬ 
cularly  for  the  protection  of  annual  crops  from  seed  decay  and  damping-off.  Some 
of  these  are  also  proving  useful  in  the  control  of  diseases  of  fruit  trees.  Fermate, 
ferric  dimethyldithiocarbamate,  is  one  of  the  more  promising,  and  it  and  some  other 
nitrogenous  fungicides  may  in  some  cases  improve  the  nutrition  of  the  trees  sprayed. 
Several  very  effective  drugs  for  the  cure  of  human  diseases  are  the  products  of  life 
processes  of  certain  moulds,  and  are  called  antibiotic  materials  or  antibiotics.  It 
has  been  found  that  some  antibiotics  are  good  fungicides,  and  may  be  used  against 
plant  diseases.  It  seems  probable  that  both  antibiotics  and  other  organic  fungicides 
will  be  greatly  developed  and  perhaps  widely  used  in  the  near  future. 


Disinfectants,  such  as  creosote,  are  used  to  protect  wounds,  and  to  treat  gum* 
mosis  of  citrus  trees.  These  are  painted  on  the  wounds,  not  sprayed.  A  paste, 
similar  to  Bordeaux  mixture,  is  used  in  this  way. 

.  lt  1S  sometimes  convenient  and  economical  to  combine  two  or  more  spray 
materials,  and  thus  control  more  than  one  pest  with  one  operation.  This  can  fre¬ 
quently  be  done,  but  not  all  sprays  are  compatible.  Lime-sulphur  is  not  a  stable 
compound,  and  must  not  be  added  to  soaps  or  oils.  If  it  is  combined  with  lead 
arsenate,  one  pound  of  lime  should  be  added  to  every  10  gallons  of  spray.  Bor- 

-I—’  0n  !hC  0th"hand’  may  be  combined  with  lead  arsenate,  oils,  nicotine 

. . » 
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coating  over  the  surface.  Materials  which  heln  u  ,  thl" 

called  spreaders  and  stickers.  Soap  is  an  exL  lent  ^7"^  7*  !e"denCleS  are 

cannot  be  used  with  all.  Casein  is  also  effective  and  IT  "  ^ 

,  and  may  be  used  in  several  forms, 
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the  most  common  being  calcium  caseinate.  Fresh  and  dried  skim  milk  are  also 
satisfactory.  Blood  albumin  is  now  commonly  used.  Resin  is  a  good  sticker. 
Hour,  especially  if  it  has  a  high  gluten  content  is  very  satisfactory,  helping  both 
spreading  and  sticking,  and  having  no  chemical  reactiou  with  the  sprays. 

Spraying  Equipment 

Efficient  control  of  insects  and  diseases  depends  not  only  on  the  material  used, 
but  also  on  the  way  in  which  it  is  applied.  Early  in  the  history  of  spraying,  a  whisk 
broom  was  the  device  used,  and  dusting  is  still  carried  on  by  putting  the  dust  in  a 
cloth  and  shaking  it  over  the  plant.  At  the  other  extreme,  spraying  is  sometimes 
done  with  pumps  capable  of  throwing  a  stream  of  spray  60  feet  high,  and  dusting 
from  aeroplanes  is  no  longer  a  novelty  in  some  sections.  There  are  numerous 
devices  on  the  market,  suitable  for  all  types  of  spraying  and  dusting  and  all  scales 
of  operation.  The  householder  with  a  few  small  plants  to  be  protected  will  not 
need  the  same  machinery  as  the  grower  with  many  acres  of  fruit  trees. 

Small  hand  sprayers,  similar  to  those  sold  for  killing  household  pests,  maY  be 
useful  if  only  a  few  small  plants  are  to  be  sprayed,  but  are  of  no  value  in  an  orchard. 
Garden  syringes  are  also  of  little  use,  as  they  fail  to  form  a  fine  mist  which  is  neces¬ 
sary  for  good  spraying. 

The  essential  features  of  an  orchard  sprayer  are  a  container,  preferably  of 
brass  or  bronze,  a  pump,  a  hose  and  a  nozzle  which  breaks  the  liquid  up  into  very 
small  drops.  For  ease  of  handling,  the  nozzle  may  be  at  the  end  of  a  short  or  long 
rod.  For  spraying  small  trees,  a  nozzle  attached  to  the  end  of  a  hose  may  be  satis¬ 
factory,  but  for  larger  trees  it  is  necessary  to  have  the  nozzle  on  the  end  of  a  rod, 
for  better  control.  Bamboo  rods,  10  to  15  feet  long,  enable  the  operators  to  bring 
the  nozzles  fairly  close  to  the  surface  to  be  sprayed.  Very  short  rods,  with  adjust¬ 
able  nozzles,  are  known  as  spray  guns.  They  are  lighter  to  carry,  and  make  rapid 
work  possible,  but  with  them  uniform  covering  of  the  tree  is  more  difficult.  The 
simplest  type  of  sprayer  is  the  bucket  type,  in  which  the  pump  is  set  in  the  bucket 
containing  the  spray.  The  bucket  is  moved  about  to  enable  the  operator  to  reach 
all  parts  of  the  tree.  Ordinarily  two  men  are  required,  one  to  pump  and  the  other 
to  spray.  This  type  is  satisfactory  for  small  trees  where  spraying  is  only  an  occa¬ 
sional  feature. 

Compressed  air  sprayers  are  somewhat  more  complicated,  and  more  expen¬ 
sive,  but  they  are  also  more  convenient.  They  can  be  operated  by  one  man,  who 
first  pumps  air  into  the  air  chamber  and  then  operates  the  spra\  until  the  pressure 
becomes  too  low  for  good  spraying.  They  are  ordinarily  left  on  the  ground  but 
some  models  can  be  slung  on  the  back  of  the  operator,  thus  increasing  his  mobility. 
Other  so-called  knapsack  sprayers  have  pumps  which  are  worked  with  one  han 
while  the  operator  directs  the  spray  with  the  other.  This  is  hard  work.  It  has  the 
advantage  of  maintaining  an  even  pressure. 

For  more  extensive  operations,  or  for  spraying  large  trees,  more  powerful 
machines  are  desirable.  Strong  pumps  attached  to  barrels  which  are  mounted  on 
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wheels  or  on  drags  provide  higher  pressure,  and  make  it  possible  to  spray  more  trees 

WithOUtpower  slfray  pumps  are  commonly  used  in  countries  where  fruit  is  grown  on 
a  large  scale.  Some  of  the  common  fruits,  such  as  the  apple,  are  subject  to  attac 
from  many  insects  and  diseases.  The  market  demands  fruit  which  is  practica  y 
free  from  blemish.  It  is  therefore  necessary  to  spray  the  trees  severa  times  a  yea 
Excellent  spraying  outfits  are  now  manufactured.  Ordinarily  a  lank  holding  200 
to  500  gallons,  a  sturdy  pump,  and  a  petrol  or  kerosene  engine  are  mounted  on  lour 
wheels.  The  outfit  may  be  pulled  by  animals  or  by  a  tractor.-  Some  are  mounted 
on  motor  lorries.  The  pump  should  be  capable  of  maintaining  a  pressure  of  at 
least  200  pounds.  Much  spraying  is  done  with  a  pressure  of  250  pounds,  and  some 
machines  will  develop  several  times  that  much.  From  one  to  four  hoses  may  be 
attached  to  each  pump.  Sodhi  and  Batra  (1950)  describe  the  successful  spraying  of 
mango  trees  50  ft.  tall  with  a  bullock-drawn  sprayer  with  a  300-gal.  tank  and  12-h.p. 
engine,  delivering  20  gallons  per  minute  at  600  to  700  lbs.  pressure.  Many  modem 
power  sprayers  have  aj  number  of  nozzles  attached  to  one  or  two  vertical  booms,  so 
that  as  the  sprayer  proceeds  down  a  row  one  half  of  each  tree  on  one  side  or  both 
sides  is  thoroughly  sprayed.  These  allow  very  rapid  spraying  with  a  minimum  of 
human  labour. 

In  very  large  orchards  where  much  spraying  is  done,  stationary  pumps  are 
sometimes  installed.  Pipe  lines  lead  from  these  to  all  parts  of  the  orchard,  to 
which  hoses  may  be  attached. 

In  addition  to  the  use  of  the  right  spray  material,  and  satisfactory  equipment, 
there  are  several  factors  involved  in  successful  spraying.  One  of  the  most  impor¬ 
tant  is  timeliness.  Spraying  which  one  week  would  give  excellent  control,  may  be 
almost  useless  the  next.  Thoroughness  is  also  of  great  importance.  If  any  part  of 
the  tree  is  missed,  the  insect  or  disease  is  likely  to  spread  rapidly  over  the  whole 
tree.  This  is  especially  true  of  the  use  of  contact  insecticides.  By  well  planned, 
careful  work,  it  is  possible  to  cover  the  tree  thoroughly  without  an  undue  waste  of 

material.  Careless  work  may  use  much  more  spray  without  securing  satisfactory 
control. 

Just  as  there  are  various  types  of  spraying  machinery,  there  are  different  types 
of  dusters.  Hand  dusters  of  two  types  are  commonly  used.  For  dusting  small 
plants  at  some  distance  from  each  other,  the  bellows  type  is  best,  as  no  material  is 
wasted  in  going  from  plant  to  plant.  For  most  fruit  trees,  however,  it  is  much 
better  to  use  a  fan-type  duster.  In  this  type,  by  turning  a  crank  slowly  with  one 

hand  a  continuous  current  of  dust  is  discharged.  The  outlet  pipe  is  directed  with 
the  other  hand. 

\v  >\  F°r  Iar,g€r  trCeS’  °r  f°r  coverIng  larSe  acreages,  power  dusters  are  desirable. 
With  one  of  these,  as  much  as  50  acres  can  be  covered 

possible  to  time  the  dusting  very  accurately. 


in  one  day.  Thi9  makes  it 


Larger  Parasites 

attack  flitTrees  °  ^  ^  ^  S°me  °f  these  so"’etim^ 

trees.  The  most  .important  are  the  mistletoes  and  dodder.  Both  are 
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groups,  attacking  many  kinds  of  plant.  The  mistletoes  attacking  fruit  trees 
belong  to  the  genus  Loranthus.  They  have  thick,  succulent,  light  green  leaves,  pale 
flowers  and  bright  berries.  The  berries  are  attractive  to  the  birds.  The  seeds  are 
sticky  and  those  not  swallowed  may  adhere  to  the  beak.  In  either  case  they  are 
often  carried  to  other  trees.  If  deposited  on  a  branch,  they  germinate  and  send  their 
roots  into  the  tree.  They  absorb  the  sap  and  are  thus  enabled  to  grow  and  spread. 

There  aie  about  350  species  of  Loranthus,  most  of  which  are  tropical.  Ac¬ 
cording  to  Kumar  (1944),  about  55  species  have  been  reported  in  India,  Burma,  and 
Ceylon,  causing  a  very  large  amount  of  damage.  One  species,  L.  longiflorus,  is  re¬ 
ported  (Anon.  1931)  to  attack  29  plants  in  Bombay,  of  which  13  are  fruit  trees. 
The  mango  is  frequently  seriously  damaged. 

Several  species  of  dodder  attack  fruit  trees.  This  plant,  of  the  genus  Cuscuta, 
has  a  long,  slender,  yellow  stem  which  entwines  itself  tightly  around  the  host,  pene¬ 
trating  the  bark  at  intervals  with  haustoria  which  absorb  the  sap.  The  seeds  of 
dodder  germinate  in  the  ground,  and  the  plants  lose  their  connection  with  it  after 
attaching  themselves  to  some  other  plant.  They  are  thus  more  likely  to  attach 
themselves  to  plants  having  branches  near  the  soil. 

Both  types  of  parasites  can  be  fairly  easily  prevented  from  establishing  them¬ 
selves  in  an  orchard,  but  are  difficult  to  eradicate  when  established.  If  not  removed, 
they  are  likely  to  kill  the  branches  to  which  they  are  attached.  As  they  spread 
very  rapidly,  the  infection  soon  becomes  general.  They  can  only  be  killed  by 
cutting  them  out.  It  is  ordinarily  best  to  remove  the  limb  which  is  attacked,  some 
distance  below  the  point  of  attachment.  If  occasional  attacks  are  promptly  com¬ 
bated,  the  damage  done  is  small.  It  is  highly  desirable  to  treat  or  remove  any  other 
hosts  in  the  neighbourhood,  as  these  would  otherwise  serve  as  a  source  of  seeds  for 
fresh  infestation. 

Birds  and  animals  are  often  serious  pests  in  orchards.  They  constitute  an 
especially  serious  problem  in  India  where  a  majority  of  the  people  believe  in  the 
sanctity  of  all  life,  and  therefore  hesitate  to  kill  even  the  harmful  animals.  Even 
when  the  orchardist  is  willing  to  kill  these  pests,  it  is  often  difficult  to  do  so. 

Some  of  the  larger  animals,  such  as  deer  and  stray  cattle,  can  be  excluded  by 
good  fencing.  In  regions  where  wild  pigs  are  common,  an  especially  strong  fence 
is  required.  The  numbers  may  be  reduced  by  hunting  and  killing  them.  Monkeys 
are  frequently  a  serious  problem  because  they  can  climb  over  most  types  of  fence, 
and  because  in  some  places  there  is  a  strong  feeling  against  shooting  them.  They 
waste  more  fruit  than  they  eat,  and  break  down  the  trees.  Because  they  are  such  a 
serious  pest  of  other  crops  also  and  steal  and  damage  other  forms  of  property,  the 
governments  of  some  states  have  taken  steps  to  have  them  killed.  Fruit  growers 
can  well  cooperate  in  this  attempt  to  protect  the  food  resources  of  the  country. 
Porcupines  are  sometimes  bothersome  in  nurseries,  and  they  are  likely  to  cut  own 
young  papaya  trees.  They  are  difficult  to  exclude  from  the  orchard,  but  may  be 
shot  or  sometimes  clubbed  to  death.  If  their  holes  can  be  found,  they  can  be  umi- 
gated  in  the  same  way  that  rat  holes  are  treated. 
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Rats  are  a  common  pest  of  farm  crops,  and  sometimes  damage  frmt  trees  by 

eating  the  roots.  They  may  be  poisoned  with  strychnine  or  »°me  other  pmson 

The  best  method  is  to  impregnate  grain  with  the  poison  and  drop  it  m  the  hoi  • 
Care  must  be  taken,  as  the  poison  is  dangerous  to  other  animals  and  to  ma  . 
ably  a  more  satisfactory  method  is  to  fumigate  the  holes.  There  are  pumps  on 
market  by  which  smoke  can  be  forced  into  the  holes.  The  exhaust  from  a  tractor 
or  motor  car  may  also  be  used.  Most  effective  of  all  is  the  pumping  of  a  cyanide 
dust  into  the  holes,  which  when  it  comes  in  contact  with  the  moist  earth  liberates  a 
gas  which  quickly  kills  any  animal  which  may  be  in  the  hole.  Snakes  are  often 
killed  in  this  way.  Dust  and  special  pumps  for  the  purpose  are  sold,  and  while  the 
initial  expense  is  fairly  high,  the  cost  per  rat  is  not  much. 


Squirrels  occasionally  eat  the  fruit  on  the  trees,  but  are  seldom  serious  pests. 
They  are  difficult  to  shoot,  but  may  be  poisoned  if  the  damage  warrants  the  trouble. 
As  the  poison  must  be  exposed,  it  is  necessary  to  exclude  domesticated  animals  from 
the  area  treated. 

Birds,  especially  parrakeets,  do  tremendous  damage,  eating  the  ripe  and  half- 
lipe  fruit.  Protective  measures  are  limited  to  devices  to  scare  them  away.  The 
most  common  is  the  use  of  watchmen  who  cry  out  from  time  to  time,  and  when¬ 
ever  they  see  birds  alighting.  Boards  are  often  suspended  in  the  trees  in  such  a 
way  that  by  pulling  a  rope  the  watchman  may  cause  a  clatter  in  various  parts  of  the 
orchard.  Guns  may  be  fired  with  the  dual  purpose  of  killing  a  few  birds  and  fright¬ 
ening  many.  All  of  these  devices  are  of  limited  value.  In  spite  of  them,  much 
of  the  fruit  is  damaged.  This  is  one  of  the  main  reasons  that  much  fruit  is  har¬ 
vested  before  it  is  of  good  quality. 


Fruit-eating  bats  are  also  common,  and  are  even  more  difficult  to  control,  as 
they  visit  the  orchard  at  night.  The  common  device  of  stringing  a  coarse  net  across 
the  probable  course  of  their  flight  is  of  questionable  value.  The  theory  is  that 
they  become  entangled  in  the  net  and  are  thus  frightened  away.  Better  methods  of 
protecting  fruit  from  birds  and  bats  are  badly  needed. 


Chapter  xi. 
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Most  fruits  are  ripe  at  certain  seasons  of  the  year  only.  For  a  short  time 
they  are  likely  to  be  comparatively  cheap  and  plentiful  in  the  market,  but  at  other 
times  they  are  expensive  if  available  at  all.  By  means  of  cold  storage,  or  by  im¬ 
porting  from  other  districts,  the  season  may  be  lengthened,  but  this  is  expensive. 
Cold  storage  is  available  in  very  few  Indian  markets,  and  is  justified  only  where 
there  is  a  large  population  capable  of  paying  somewhat  higher  prices  for  out-of¬ 
season  fruit.  This  situation  is  not  satisfactory  to  the  consumer,  and  it  is  very  unsatis¬ 
factory  to  the  producer,  who  has  to  sell  the  major  part  of  his  crop  when  it  is  plenti- 

full  and  the  price  is  low.  In  years  when  the  crop  is  large,  the  price  may  fall  below 
the  cost  of  production. 
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The  preservation  of  fruits  partially  solves  this  problem.  It  takes  part  of 
the  crop  out  of  the  fresh  fruit  market  and  thus  helps  to  prevent  ‘gluts’  and  very 
low  prices.  It  also  provides  a  supply  of  fruit  throughout  the  year.  While  the 
preserved  fruit  differs  from  the  fresh,  it  is  frequently  a  very  palatable  product,  and 
has  many  of  the  dietary  values  of  fresh  fruit. 

Much  the  same  reasons  exist  for  the  preservation  of  vegetables,  although 
in  most  parts  of  India  some  vegetables  are  available  at  all  seasons.  Many  of  the 
same  methods  of  preservation  are  used,  so  in  this  chapter  much  that  is  said  will  be 
applicable  to  both  fruits  and  vegetables.  It  is  frequently  economical  to  use  the 
same  equipment  for  both,  specially  in  factories,  for  it  is  rarely  possible  to  keep  a 
factory  operating  throughout  the  year  on  fruits,  or  on  vegetables,  alone.  Other 
foods,  such  as  fish,  are  preserved  in  similar  ways,  but  it  is  seldom  feasible  to  use 
the  same  equipment. 

While  fruit  and  vegetable  preservation  has  been  developed  on  a  large  scale 
in  some  countries,  and  to  a  certain  extent  in  India  also,  more  modest  operations 
are  also  practicable.  Certain  forms  of  preservation  are  suitable  as  cottage  indus¬ 
tries,  and  almost  all  types  may  be  used  by  the  economical  housewife  in  feeding  her 
own  family.  Considerable  knowledge  and  skill  are  required  in  some  forms,  but 
others  are  very  simple.  Siddappa  (1949)  presents  a  detailed  estimate  of  the 
equipment  desirable  for  a  small  fruit  preservation  unit,  with  a  total  cost  of  Rs. 
1,692,  but  a  beginning  can  be  made  with  less  equipment.  He  also  gives  the  cost 
of  manufacturing  a  number  of  products. 

That  there  is  ample  room  for  the  developing  of  the  preserving  industry  in 
India  is  shown  by  the  amounts  imported  from  other  countries.  In  the  five  years 
ending  in  1939-40,  before  international  trade  was  seriously  affected  by  the  war, 
India  imported,  according  to  the  Annual  Statement  of  the  Sea-Borne  Trade  of 
British  India  for  the  fiscal  year  ending  31st  March,  1940,  on  the  average,  canned 
and  bottled  fruits  valued  at  Rs.  10,80,002;  jam  and  jelly  valued  at  Rs.  7,05,762; 
and  pickles,  chutnies,  sauces,  and  condiments  valued  at  Rs.  6,75,227.  There  was 
little  change  in  the  value  of  all  of  these  products  during  these  years.  Many  of 
the  products  could  be  produced  at  least  as  well  in  India  as  in  other  countries,  and 
if  suitable  Indian  products  were  available,  the  public  would  doubtless  consume  a 
smaller  proportion  of  those  products  which  had  to  be  imported. 

The  basic  difficulty  in  developing  the  fruit  products  industry  in  India  is  the 
lack  of  large  quantities  of  fruit  over  a  considerable  period,  at  a  reasonable  price. 
As  long  as  fruit  growing  is  on  a  small  scale  and  is  scattered,  it  will  be  difficult  to 
get  enough  suitable  fruit  in  one  place  to  keep  a  plant  of  a  good  economic  size 
operating  for  a  long  season.  If  fruits  are  efficiently  grown  and  the  grower  makes 
only  a  reasonable  profit,  they  can  be  supplied  to  the  factory  at  a  price  which  allows 
it  a  profit  when  it  sells  its  produce  at  a  reasonable  price.  In  some  countries  fac¬ 
tories  can  buy  fruit  at  below  the  cost  of  production,  because  converting  part  of 
the  crop  into  products  maintains  the  price  of  fresh  fruit  at  a  profitable  level  As 
long  as  the  price  of  fruit  in  India  is  comparatively  high,  the  factories  are  likely  to 
succeed  only  if  given  the  benefit  of  a  protective  tariff  or  some  other  trade  barrier. 
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Other  difficulties  at  present  are  the  high  price  of  containers,  the  high  price  of  sugar, 
and  the  reputation  of  Indian  produce.  Because  some  manufacturers  have  been 
willing  to  use  fruit  of  poor  quality,  have  not  used  the  best  methods  of  prepara- 
tion,  and  have  not  maintained  a  high  standard  of  sanitation,  the  reputation  o 
Indian  products  has  suffered  in  comparison  with  imported  goods. 

Another  opportunity  for  advance  is  in  the  development  of  new  products. 
Shunmukhasundaram  and  Naidu  (1941)  report  promising  experimental  work  on 
mango  ‘leather’,  candied  jackfruit,  jackfruit  syrup,  custard  apple  jam,  butter  and 
chutney,  and  a  powder  made  from  dried  wild  figs  ( Ficiis  glomerata)  and  eaten 
with  milk  and  sugar,  in  addition  to  some  of  the  more  usual  products.  Iheie  are 
doubtless  other  Indian  fruits  from  which,  with  a  little  ingenuity,  pleasing  products 
could  be  made. 

If  the  skin  of  a  fruit  remains  intact,  it  will  remain  edible  for  some  days,  but 
ripening  soon  proceeds  to  the  stage  where  the  fruit  is  said  to  be  over-ripe  and  not 
fit  for  consumption.  It  is  by  delaying  the  ripening  process  that  cold  storage 
enables  fruit  to  be  kept  for  some  months.  But  frequently  decay  enters  through 
some  bruise  or  break  in  the  skin,  and  the  fruit  soon  spoils.  Cooked  fruits  and 
vegetables  also  soon  decay  or  ferment.  If  the  food  is  to  be  kept  long,  this  spoiling 
must  be  prevented.  Intelligent  preservation  requires  an  understanding  of  the 
causes  of  spoilage. 

Spoilage  is  caused  by  the  growth  of  microscopic  organisms,  or  fungi,  includ¬ 
ing  moulds,  yeasts,  and  bacteria.  The  most  common  moulds  are  those  belonging 
lo  the  genera  Penicillium  and  Aspergillus.  Penicillium  expansum  ( glaucum )  is 
the  the  very  common  green  mould,  which  often  attacks  both  fresh  fruits  and  fruit 
products,  causing  an  objectional  flavour  even  in  the  early  stages.  About  as  common 
is  the  black  mould,  Aspergillus  niger.  The  bread  moulds,  Mucor,  are  used  to  change 
starch  into  sugar,  but  are  not  important  as  causes  of  spoilage.  The  yeasts  are  also 
useful  in  the  manufacture  of  alcohol  and  vinegar,  but  they  cause  undesired  fermeti- 
lation  when  present  in  fruit  juices.  Alcohol  is  produced  from  rice  and  other  grains 
by  a  combination  of  a  mould,  such  as  Mucor,  and  a  yeast,  the  starch  being  changed 
to  sugar  and  then  alcohol.  Among  the  bacteria  causing  spoilage  are  the  lactic 
ac  d  bacteria  and  Claustridium  bolulinum  ( Bacillus  botulinus),  as  well  as  others 
o  less  importance.  They  occur  in  vegetable  products.  In  most  forms  of  spoilage, 
the  product  is  made  unpalatable,  but  not  dangerous,  but  Claustridium  bolulinum 
pro  uces  a  very  virulent  poison  which  has  been  responsible  for  the  death  of  many 
persons  The  vinegar  bacteria  are  useful,  normally  developing  after  alcoholic 
mentation  has  taken  place,  and  converting  the  alcohol  into  vinegar. 

If  'nf“tion  With  any  of  these  could  be  totally  avoided,  nothing 

more  would  be  necessary  except  the  stopping  of  metabolism  and  the  exclusion  of  air 
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complished  by  heat,  though  certain  antiseptics  are  sometime  used.  ’Other  anti¬ 
septics,  such  as  sugar,  salt,  and  vinegar,  do  not  ordinarily  kill  the  organisms,  but 
pu\ent  their  development.  Sugar  is  not  a  true  antiseptic,  but  acts  by  osmosis. 
No  organism  can  grow  in  a  substance  the  dissolved  solids  of  which  are  sufficiently 
concentrated  that  osmosis  through  the  cell  wall  of  the  organism  tends  to  remove 
moisture  from  it.  Salt  acts  both  by  osmosis  and  as  a  poison,  while  vinegar  acts 
only  as  a  poison.  A  product  must  contain  about  65 %  of  sugar  to  be  preserved, 
while  15%  of  salt  or  1%  of  acetic  acid  is  ordinarily  effective.  These  substances 
are  not  harmful  to  human  beings.  Benzoic  and  sulphurous  acids  are  also  harmless 
in  small  amounts  and  are  effective  at  about  .2%.  Other  chemicals  are  sometimes 
used,  but  are  harmful  in  amounts  large  enough  to  be  effective.  Drying  or  freezing 
also  prevents  the  development  of  the  organisms. 

Several  types  of  preservation  are  used.  The  simplest  and  cheapest  method 
is  drying,  and  it  has  the  advantage  that  the  product  is  easily  shipped  as  it  is  light 
and  can  be  roughly  handled  without  damage.  But  the  product  is  generally 
considered  inferior  to  that  which  has  been  preserved  in  other  ways.  Quick  freezing 
yields  a  product  practically  like  the  fresh  fruit  or  vegetable,  but  requires  rather 
expensive  equipment,  and  has  to  be  shipped  and  stored  under  refrigeration.  Fellers 
(1936)  points  out  that  the  type  of  preservation  affects  the  vitamin  content.  During 
ordinary  storage  there  is  little  loss  of  vitamins  D,  F,  and  G,  a  slight  loss  of  A  and  B, 
and  a  serious  loss  of  C,  especially  in  vegetables.  Sun-drying  is  destructive  to  A  and 
C,  but  dehydration  is  less  so.  Fermentation  also  destroys  C.  Heat  is  not  injurious 
to  any  of  the  vitamins,  but  oxidation,  which  takes  place  in  ordinary  cooking,  is 
decidedly  injurious  to  B  and  C.  B,  C,  and  G  are  dissolved  in  the  cooking  water, 
and  may  thus  be  lost. 

Canning 

The  most  important  form  of  preservation  is  that  known  as  canning,  us  ng  this 
term  to  denote  preservation  either  in  tin  cans  or  in  glass  jars  or  bottles.  It  depends 
on  the  complete  sterilization  of  the  product  by  heat,  and  the  exclusion  of  othei 
organisms.  The  temperature  necessary  varies  with  the  nature  of  the  substance, 
particularly  with  the  acidity.  Most  fruits  are  sufficiently  acid  to  be  steilized  by 
boiling,  even  if  spore-forming  bacteria  are  present.  Fruit  juices  are  generally 
‘pasteurized’  at  temperatures  of  120  to  150  degrees  F.,  vrhich  probably  kills  all  oi- 
ganisms.  Tomatoes  are  also  easily  sterilized  because  of  then*  acid  content.  Most 
vegetables  are  sFghtly  alkaline  and  are  therefore  much  more  difficult  to  sterilise, 
unless  lemon  juice  or  vinegar  be  added.  Even  ho’dmg  vegetables  at  the  boiling 
point  for  five  hours  does  not  make  them  safe,  and  as  C.  botuhnum  forms  snores  and 
is  not  certain  to  be  killed  by  this  treatment,  non-acid  vegetables  should  not  be 
canned  :n  this  way.  It  is  much  safer  to  sterilize  the  vegetables  for  one  hour  on 
each  of  three  successive  davs,  but  even  this  does  not  eliminate  all  danger.  It  is  not 
recommended  that  vegetables  be  canned  unless  there  are  facilities  for  cooking  them 
at  higher  temperatures.  At  a  temperature  of  250°F.  complete  sterilization  is  rapid. 
This  temperature  may  be  secured  in  a  pressure  cooker  at  about  Id  pounds  pressure. 
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The  so-called  tin  can  is  made  of  tin  plate,  which  is  only  about  2%  tin  jhe 

rnri  Si’S : iss? 

Th's  type  of  can  is  still  sometimes  used  in  this  country.  As  it  can  be  ■ 
hand,  U  is  often  available  where  other  types  are  not.  This  tin  has  been  largely 
replaced  by  the  ‘sanitary’  can,  which  is  almost  exclusively  used  in  canning  factone. , 
and  which  is  also  used  in  home  canning.  The  lid  of  the  sanitary  can  is  sealed  on 
by  a  double  seaming  process,  after  the  can  is  full,  the  seal  being  mate  per  ect  *> 
a  gasket  of  thin  cardboard  or  a  thin  film  of  rubber.  The  sealing  must  be  done  by 
means  of  a  machine.  There  are  small  models  available  for  home  use,  as  well  as 
large  automatic  machines  for  factories.  A  special  device  reflanges  the  top  of  a  can 
after  one  lid  has  been  cut  off,  making  it  possible  to  use  the  same  tin  more  than  once. 


Glass  containers  have  long  been  used,  and  although  the  initial  cost  is  com¬ 
paratively  high,  the  fact  that  they  can  be  used  repeatedly  makes  them  economical 
for  home  canning.  Several  types  are  in  use,  among  the  most  common  being  the 
Mason  jar,  which  has  a  zinc  cap  with  a  porcelain  lining,  which  screws  on.  An¬ 
other  excellent  type  has  a  flat  glass  lid,  held  on  with  a  wire  clamp.  In  both  cases 
rubber  washers  are  used.  These  deteriorate,  and  have  to  be  replaced,  preferably,, 
each  time  a  jar  is  filled.  Only  jars  which  have  been  especially  made  for  the  pui<- 
pose  should  be  used.  Glass  jars  are  used  in  factories  only  for  produce  of  very 
high  quality  for  a  trade  willing  to  pay  the  higher  cost. 


Almost  all  kinds  of  fruits  have  been  canned,  but  some  are  much  more  suit¬ 
able  than  others.  Within  one  species,  some  varieties  are  better  than  others.  In  some 
cases  a  variety  may  be  satisfactory  for  home  canning,  but  because  the  sections 
tend  to  break  up  during  cooking  and  so  look  less  attractive,  cannot  well  be  canned 
commercially.  Lai  and  Jam  (1947  A)  report  that  trials  of  14  varieties  of  plum,  10 
of  peaches,  5  of  apricots,  and  3  of  pears  showed  9  plums,  2  peaches,  1  apricot 
and  1  pear  to  be  good  canners.  It  is  important  that  fruits  and  vegetables  for  can¬ 
ning  be  in  the  proper  condition.  In  the  case  of  most  fruits,  this  means  when  they 
are  mature,  but  still  quite  firm.  No  fruit  which  has  begun  to  decay  should  be 
included.  The  fruit  should  be  carefully  handled  to  avoid  brusing  and  unnecessary 
infect. on.  It  should  be  carefully  washed  to  remove  all  dirt  and  as  large  a  propor¬ 
tion  of  the  organisms  as  possible.  Some  fruits  should  be  peeled  and  in  some 
casts  the  seeds  are  also  rtemoved.  Very  large  fruits,  like  the  mango,  are  cut  into 
pieces  of  convenient  size. 


is 


In  factories  the  cold  pack’  method  is  almost  exclusively  used,  and  this  is 
preferred  by  many  for  home  use  also,  especially  where  it  is  desired  to  preserve  the 
shape  of  the  fruit.  In  many  cases,  however,  it  is  satisfactory  and  simple  to  use  an 
older  method,  with  glass  containers.  The  jars  are  sterilized  in  boiling  water  while 
the  fruit  is  cooked  in  open  kettles.  When  sufficiently  cooked,  it  is  poured  into  the 
0  )ars,  w  ic  are  immediately  sealed.  They  may  or  may  not  lie  further  sterilized. 


108 


FRUIT  GROWING  IN  INDIA 


ed  w’lflk  1  y  hTfCO  d  10  ’  tHe  fruit  is  l)laced  in  lhe  can  and  cover- 

ed  with  boiling  syrup.  f  a  soldered  can  is  used,  the  top  is  next  put  on.  A  few 

fruits,  and  most  vegetables,  should  be  ‘blanched’,  or  parboiled  to  improve  the 

av°ui  um soiten  the  fruit  so  that  it  is  more  easily  packed  in  the  can.  The  cans 
s  xould  be  filled  only  to  about  half  an  inch  from  the  top,  to  allow  for  expansion  when 
being  sterilized,  lhe  cans  are  next  ‘exhausted,’  that  is,  they  are  heated  for  a  few 
minutes  in  boiling  water  to  expand  the  air  so  that  much  of  it  is  driven  out.  The 
cans  are  then  sealed  and  sterilized,  or  ‘processed’.  The  length  of  time  required  for 
sterilization  depends  on  the  nature  of  the  product,  and  the  size  of  the  container. 
Mitra  (1926)  recommends  the  following  periods  in  boiling  water  :  Mango,  orange, 
carambola,  jujube,  apple  and  pear,  15  minutes;  pineapple,  guava,  jambolan,  litchi, 
rose-apple,  and  jackfruit,  20  minutes;  bael,  25  minutes.  A  Bombay  leaflet  (Anon., 
1928)  indicates  somewhat  longer  periods  in  the  case  of  the  mango  (30  minutes), 
the  pineapple  and  the  guava  (25  minutes  each).  Sayed  (1924),  describing  the 
canning  of  mango  slices  and  pulp,  recommends  processing  for  13  to  20  minutes  in 


boiling  water. 


^  hen  fruit  is  canned  in  glass  jars  by  the  cold  pack  method,  the  lids  are  put 
on  lightly  before  sterilization,  and  tightened  immediately  afterward.  Some  fruits 
soften  in  cooking,  leaving  the  jars  only  partially  filled.  In  such  cases  it  is  desirable 
to  cook  the  fruit  at  least  partially  before  putting  it  into  the  jars. 

While  fruit  can  be  canned  without  the  addition  of  sugar,  the  quality  of  the 
product  is  ordinarily  much  better  if  sugar  is  added.  Only  in  the  case  of  cheap 
fruit  for  the  restaurant  trade  is  fruit  canned  commercially  without  sugar.  The 
sugar  is  generally  added  as  syrup,  the  percentage  of  sugar  varying  with  the  different 
fruits  and  the  different  qualities.  The  more  acid  fruits  require  more  sugar.  The 
best  grades  of  canned  fruits  receive  syrup  of  from  40  to  60%  sugar,  while  the 
cheaper  packs  may  have  as  low  as  10%.  The  syrup  may  be  tested  by  means  of 
a  Balling  or  Brix  hydrometer,  or  the  percentage  of  sugar  may  be  determined  by 
adding  it  by  weight.  To  make  syrup  of  10,  40,  or  65%,  add  to  one  gallon  of 
water  15  oz.,  5  lb.  and  10  oz.,  or  15  lb.  and  11  oz.,  respectively.  The  syrup  should 
be  strained  to  remove  impurities,  and  added  hot. 


Preserving  with  Sugar 

Jam,  jelly,  marmalade,  and  preserves  are  all  similar  in  that  they  conta  n  a 
large  proportion  of  sugar,  and  are  commonly  eaten  with  bread.  They  contain 
enough  sugar  that  they  do  not  spoil  quickly  when  exposed  to  the  air,  and  some 
will  keep  indefinitely,  though  they  are  ordinarily  sealed  in  jars  or  tins,  or  at  least 
covered  with  paraffin  wax. 

Of  these,  jam  is  the  easiest  to  make,  it  being  a  mixture  of  the  fruit  pulp  with 
sugar  in  which  the  shape  of  the  fruit  is  not  retained.  It  may  contain  skins  and 
seeds.  Ripe  fruit  is  ordinarily  used,  and  this  is  washed,  and  generally  peeled,  ex¬ 
cept  in  the  case  of  small  fruits  and  berries.  Large  fruits  may  be  cut  in  pieces  to 
allow  more  rap'd  cooking.  Large  seeds  are  generally  removed  either  before  or 
after  cooking.  If  the  fruit  is  very  juicy  it  is  merely  crushed  and  boiled  in  its  own 
juice;  otherwise  enough  water  is  added  to  prevent  the  fruit  Irom  burning.  After 
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the  pulp  is  soft,  sugar  is  added,  and  boiling  is  continued  until  the  jam  has  a  uni¬ 
form  texture  of  the  desired  density.  The  proportion  of  sugar  to  fruit  varies,  but 
it  is  common  to  use  equal  weights.  Very  sweet  fruits  require  less  sugar.  In  the 
United  States,  the  law  requires  at  least  45  pounds  of  fruit  to  55  pounds  of  sugar. 
If  boiling  is  continued  until  the  concentration  of  sugar  reaches  70%,  the  jam  will 
keep  indefinitely,  but  ordinarily  this  is  not  done.  Commercially  it  is  the  custom  to 
pasteurize  the  jam  at  180  degrees  F.  for  30  minutes  after  putting  it  in  the  con¬ 
tainers. 

It  is  often  desirable  to  mix  two  or  more  fruits  in  order  to  blend  the  flav¬ 
ours.  especially  if  one  is  especially  sweet  or  sour.  Cheaper  fruits,  and  occasionally 
vegetables,  are  sometimes  mixed  with  the  more  expensive  ones,  but  this  should  be 
permitted  in  commercial  jam  only  if  the  percentage  of  each  ingredient  is  clearly 
stated  on  the  label.  The  addition  of  pectin  tends  to  give  jam  a  jelly-like  consis¬ 
tency,  and  makes  it  possible  to  use  less  fruit  without  having  the  jam  too  thin  or 
syrupy.  The  quality  of  such  jam  is  much  below  that  in  which  sufficient  fruit  is 
used  so  that  no  pectin  is  needed. 

Fruit  butter  is  similar  to  jam,  but  is  more  highly  concentrated  and  has  a 
finer  consistency.  It  is  usually  highly  spiced,  and  may  be  made  without  the  addi¬ 
tion  of  any  sugar. 

Many  of  the  temperate  fruits  are  suitable  for  jams  and  butters.  The  berries 
make  especially  good  jams.  Apples  are  commonly  used  for  butter,  as  they  do 
not  have  enough  flavour  to  make  a  very  good  product  without  the  addition  of 
spices.  Peaches,  plums  and  apricots  are  used  in  both  ways.  Jam  can  be  made 
fiom  a  number  ol  the  fruits  grown  on  the  plains  of  India,  but  none  of  these  except 
the  cape  gooseberry  is  especially  suitable.  Guavas  and  jujubes  are  used  for  both 
jam  and  butter.  The  manufacture  of  jam  on  a  small  scale  is  carried  on  in  a  number 
of  hill  stations,  where  suitable  fruits  are  available.  Unfortunaetly,  little  attention  is 

paid  to  quality  or  sanitation,  with  the  result  that  the  reputation  enjoyed  by  the 
product  is  not  good. 


The  term  ‘preserves’  is  often  used  in  a  broad  sense  to  include  any  fruit  pre¬ 
served  in  sugar,  but  is  also  used  specifically  for  fruit  cooked  in  syrup  until  the 
concentration  reaches  55  to  70%.  I,  is  desirable  that  the  fruit  keep  its  shape  and 

sise  h 'Jv  th  h  ITT1,  35  f°r  Canning’  an<t  CUt  int0  Pieces  °f  convenient 
ze.  It  may  then  be  boiled  with  syrup  or  sugar  until  the  desired  density  is  secured 

*tr  r-:  = trjXTSr . . 

Fruit  paste  is  made  in  much  the  same  wav  as  butter  •  j  •  i  •  , 

with  artificial  heat,  until  it  becomes  solid  I Z  '  1S  d"ed  ln  the  Sun  or 

nuts  are  added.  It  is  cut  into  bars  A  A  *  SU?ar  ma>  use(*  an^  sometimes 
a  Paste  of  some  impoVtan'e  h ^  ^  ^  ‘  * 

The  process  of  preparing  candied  or  crvstaliyprl 
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order  to  turn  out  an  attractive  product.  Whole  small  fruits,  or  pieces  of  larger 
ones,  are  slowly  impregnated  with  sugar.  Firm  fruit  should  be  used,  either  fresh 
or  canned.  Fresh  truit  is  sometimes  placed  in  a  solution  of  sulphurous  acid,  which 
tends  to  bleach  the  colour  and  harden  the  tissues.  The  acid  also  acts  as  a  preserva¬ 
tive  in  case  the  rest  of  the  process  is  delayed.  The  syrup  treatment  varies  greatly. 
Cruess  recommends  starting  with  a  syrup  of  30°  Balling  (30%  sugar),  made  with 
two  parts  of  cane  sugar  to  one  of  glucose.  The  use  of  glucose  prevents  the  product 
from  becoming  too  hard,  and  makes  it  more  translucent  and  attractive  in  appearance. 
The  fruit  is  boiled  until  tender  and  placed  in  this  syrup,  and  fruit  and  syrup 
are  boiled  for  one  or  two  minutes  and  set  aside  for  24  to  48  hours.  If  the  fruit 
tends  to  float  it  should  be  held  under  the  syrup.  The  syrup  is  then  drained  from 
the  fruit  and  brought  to  40°  Balling  by  adding  sugar  and  glucose  in  the  same  pro¬ 
portion.  The  fruit  is  brought  to  the  boiling  point  in  this  syrup,  and  again  set  aside 
for  a  day  or  two.  This  process  is  repeated,  increasing  the  concentration  10  degrees 
each  day,  until  approximately  70°.  It  is  said  that  a  somewhat  better  product  is 
secured  by  increasing  the  concentration  only  5  degrees  at  a  time,  but  this  increases 
the  expense  considerably.  Finally  the  fruit  should  be  left  in  the  concentiated  s)iup 
several  days  until  the  sugar  has  penetrated  the  fruit  completely.  The  fruit  should 
then  be  plump  and  tender.  It  should  be  washed  in  a  wet  cloth  or  sponge,  or 
plunged  momentarily  into  boiling  water.  It  is  then  dried  on  a  screen,  at  room  tem¬ 
perature  or  at  not  more  than  120  F. 

G laced  fruit  is  prepared  by  dipping  the  dried  candied  fruit  into  a  hot,  very 
concentrated  sugar  solution  for  about  one  minute.  This  gives  it  a  thin,  transparent 
coating  of  sugar  which  improves  the  appearance  and  tends  to  keep  the  fruit  moist. 
A  similar  result  can  be  obtained  by  dipping  the  fruit  in  a  1%  solution  of  pectin 

for  one  minute  and  drying  it  for  2  or  3  hours  at  120CF. 

Candied  jujubes  are  highly  regarded.  They  may  be  prepared  by  following 
the  directions  given  above,  except  that  either  before  or  after  the  first  boiling  they 
are  punctured  all  over,  preferably  with  a  wooden  tooth-pick  The  nnd  of  or  rus 
fru-'ts  particularly  the  very  thick  rind  of  the  citron,  is  cand.ed,  and  is  an  important 
ingredient  of  fruit  cakes.  Lai  and  Jain  (1948)  give  directions  for  candying  orange 
and  lemon  peel,  carrots  and  petha,  stating  the  amount  of  sugar  used  per  pound  of 
the  product,  and  the  amount  left  in  the  syrup. 

Fruit  Jelly 

When  fruit  juice  is  boiled  with  sugar  to  a  certain  concentration  and  allowed 
to  become  cool,  it  becomes  a  soft  solid  of  a  springy  consistency.  Tins  is  known 
as  a  fruit  jelly.  More  or  less  similar  jellies  may  be  prepared  by  adding  gelatin  or 
agar  V  fruit  juice,  but  these  are  no.  true  fruit  jellies.  Not  all  fnuts  are  cap- 
able  of  being  made  into  jelly  with  the  addition  of  only  water  and  sugar.  In  some 
the  amount  of  acid  present  is  insufficient,  and  a  jelly  can  be  made  when  lemon  ,u.ce 
or  some  other  acid  is  added.  In  other  eases  the  failure  of  the  ju.ee  to  form  jel [J  ‘ 
due  to  the  lack  of  a  substance  called  pectin.  This  is  present  in  most  fruits,  in  vary- 

1  nt  in  some  is  absent.  In  many  cases  the  amount  present  is  no  si 

mg  amounts,  but  m  fruits  there  is  an 

cient  for  the  formation  of  a  good  jelly.  In  the  cell  wans  oi  g 


fruit  products 


111 


insoluble  substance  called  pectose,  which  as  the  fruit  ripens  turns  into  a  soluble 
colloidal  substance,  pectin.  As  the  fruit  becomes  fully  r.pe,  the  pectm  ts  comerte 
into  pectic  acid  and  methyl  alcohol. 

The  essential  constituents  of  a  fruit  jelly  are  thus  seen  to  be  water,  sugar, 
acid  and  pectin.  Pectin  is,  extracted  from  certain  fruits,  generally  apples  or  citrus 
fruits,  and  may  be  bought  as  a  powder  or  solution.  With  such  pectin  an  arti  icia 
jelly  can  be  made,  any  desired  flavour  being  added.  Any  acid  may  be  used,  but  i 
the  product  is  to  be  edible,  a  harmless  acid  is  essential,  such  as  those  commonly 
found  in  fruits.  A  jelly  will  form  only  if  the  ingredients  are  present  in  proper 
proportions,  which  may  vary  within  narrow  limits.  The  chemistry  of  fruit  jellies 
has  been  studied  by  a  number  of  investigators,  notably  Tarr  and  others  at  the 
University  of  Delaware  (1923  to  1929).  They  found  that  jellying  depends  not  on 
the  total  acidity,  but  on  the  hydrogen  ion  content,  which  depends  on  the  particular 
acids  present  and  on  the  bufler  action  of  the  salts  which  are  also  present  in  fruit  juice. 
The  minimum  concentration  necessary  was  that  indicated  by  pH  3.46,  while  a  good 
household  jelly  was  formed  at  pH  3.3.  For  a  stifTer  jelly,  such  as  is  desired  for 
commercial  purposes,  pH  3.2  is  necessary.  If  the  pH  is  much  below  3.1,  the  jelly 
is  subject  to  syneresis,  of  ‘weeping’,  a  seeping  out  of  the  liquid  contents.  Of  the 
commonly  present  acids,  tartaric  is  the  most  efficient,  malic  next,  and  citric  least. 

The  best  amount  of  sugar  to  add  is  a  practical  question  of  great  importance, 
but  no  easily  applied  rule  is  available.  Too  little  sugar  results  in  a  very  still  jelly, 
while  too  much  results  in  a  jelly  which!  is  very  soft,  or  in  a  syrup  which  will  not 
jelly.  The  work  in  Delaware  showed  that  more  sugar  can  be  added  when  the 
hydrogen  ion  concentration  is  greater,  and  that  the  difference  between  the  greatest 
and  least  amounts  which  would  produce  a  jelly  is  also  greater.  It  is  thus  more 
important  to  add  exactly  the  right  amount  of  sugar  to  a  juice  of  pH  3.4  than  to  one 
of  pH  3.2.  Jellying  seems  to  take  place,  however,  when  the  sugar  solution  is  approxi¬ 
mately  saturated,  and  the  jelly  ordinarily  ranees  from  69%  to  72%  in  suear  con¬ 
tent.  The  greater  the  active  acidity  of  the  iuice,  the  more  is  the  sugar  which  can 
he  added,  and  the  greater  is  the  yield  of  jelly,  when  the  amount  and  quality  of  the 
pectin  are  constant. 

The  jellying  power  of  pectin  depends  on  the  viscosity  of  the  pectin  solution, 
Avliich  depends  on  both  the  quantity  and  the  quality.  Commercial  pectins,  and  also 
those  present  in  fruit  juices,  vary  greatly.  No  general  rule  as  to  the  amount  of 
pectin  which  is  necessary,  can  be  given. 

In  making  jelly,  the  fruit  is  washed  and  boiled  until  soft.  Juicy  fruits 
may  be  boiled  without  the  addition  of  water,  but  hard  fruits,  such  as  guavas,  require 
fairlv  large  amounts  of  water.  The  length  of  time  the  fruit  should  he  boiled  also 
vanes  from  two  minutes  to  an  hour.  In  home  jelly.makng  the  fruit,  when  soft 
is  placed  in  a  cloth  hag  suspended  over  a  vessel  in  which  the  iuice  is  collected’ 
hornet, mes  more  luce  is  squeezed  out  after  cooling.  I„  factories  presses  are  used 
n  order  to  extract  a  large  percentage  of  juice  without  undue  delay.  In  the  case 
ofexpenstve  frutts  „  may  be  desirable  to  add  water  and  extract  the  juice  several 
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In  order  to  make  a  clear  sparkling  jelly,  it  is  necessary  that  the  juice  be  clear. 
If  little  pressure  is  used  in  extracting  the  juice,  it  is  likely  to  be  sufficiently  clear.  In 
factories  it  is  frequently  filtered  or  otherwise  clarified. 

The  amount  of  sugar  to  be  added  depends  on  the  nature  of  the  juice,  and  it 
is  highly  desirable  that  the  active  acidity  and  pectin  content  be  known  before  the 
sugar  is  added.  The  housewife  usually  judges  acidity  by  taste,  and  with  experience 
can  get  fairly  satisfactory  results.  In  the  commercial  manufacture  of  jelly, 
uniformity  is  of  great  importance,  and  more  accurate  control  is  desirable.  Appa¬ 
ratus  for  measuring  the  hydrogen  ion  content  is  too  expensive  and  difficult  to  operate 
loi  the  small-scale  jelly  maker,  but  may  well  be  used  in  larger  factories. 

The  approximate  amount  and  quality  ol  the  pectin  contained  in  the  juice 
may  be  determined  by  a  simple  test.  One  spoonful  of  juice  is  mixed  with  one  spoon¬ 
ful  of  methylated  spirits.  It  a  jelly-like  mass  is  formed,  this  indicates  that  the  juice 
is  rich  in  pectin.  If  the  mixture  remains  a  liquid,  or  only  a  small  amount  of  the 
jelly  forms,  there  is  not  enough  pectin  present  to  make  a  satisfactory  jelly.  With 
a  little 'experience,,  one/  Can  judge  sufficiently  accurately  the  amount  of  pectin 
Dresent. 

If  the  juice  is  found  to  be  deficient  in  acid  or  pectin,  steps  should  be  taken 
to  correct  this,  before  adding  the  sugar.  A  common  method  is  to  mix  the  juice  with 
the  juice  of  some  fruit  rich  in  the  deficient  element.  Roselle  juice,  for  instance, 
ordinarily  contains  both  acid  and  pectin  in  abundance.  A  jelly  of  a  very  desirable 
flavour  and  appearance  may  frequently  be  secured  by  a  judicious  mixing  of  juices. 
If  it  is  not  desired  to  change  the  flavour,  and  the  deficiency  is  not  very  great,  the 
juice  may  be  boiled  until  a  satisfactory  concentration  is  reached.  When  only  acid 
is  deficient,  as  is  frequently  the  case  with  guavas,  a  good  jelly  can  be  secured  by  add¬ 
ing  the  juice  of  limes  or  lemons,  although  this  adds  to  the  flavour  also.  By  using 
tartaric  or  citric  acid,  jelly  can  be  made  without  the  lime  or  lemon  flavour. 

If  the  juice  is  lacking  in  pectin,  this  can  be  added  in  liquid  or  powdered  form 
although  these  products  are  not  commonly  available  in  the  markets  of  India.  The 
liquid  form  is  easier  to  use,  but  more  expensive.  Pectin  may  be  extracted  from 
fruits  rich  in  it,  for  home  use.  To  extract  pectin  from  the  rind  of  citrus  fruits,  cut 
the  albedo  (the  white  portion)  into  small  pieces.  This  can  be  done  easily  by  put¬ 
ting  it  through  a  food  chopper.  Add  eight  tablespoons  of  lemon  juice  and  eight 
cups  of  water  per  pound  of  albedo,  and  allow  this  to  stand  two  or  three  hours. 
Then  add  as  much  water  again  and  slowly  bring  it  to  a  boil  and  boil  it  for 
10  minutes,  with  the  vesel  covered.  Then  set  it  aside,  and  the  next  day  boil  it  again 
for  15  minutes.  When  it  is  cool,  strain  it  through  cloth.  The;  pectin  solution 
thus  prepared  may  be  used  at  once  or  sterilized  and  sealed  for  future  use. 

With  a  juice  containing  adequate  pectin  and  acid,  it  is  not  difficult  to  make 
good  jelly.  The  juice  is  brought  to  a  boil,  and  if  it  is  thought  necessary  to  con¬ 
centrate  it,  this  should  be  done  before  the  sugar  is  added.  If  the  sugar  is  heated 
before  it  is  added,  the  cooking  process  is  delayed  less,  but  this  is  not  essential.  If 
the  juice  is  rich  in  pectin  and  acid,  an  equal  weight  of  sugar  may  be  added.  More 
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often  about  two  parts  of  sugar  to  three  of  juice  is  all  that  should  be  adder .  1C 
use  of  too  much  sugar  is  a  common  mistake.  It  is  desirable  that  the  constituents 
be  in  the  right  proportion,  so  that  the  juice  will  need  to  be  boiled  only  a  few  minutes 
after  the  sugar  is  added. 

Determining  the  ‘end  point',  when  boiling  should  cease,  is  one  ol  the  most 
delicate  phases  of  jelly  making.  A  test  very  commonly  used  is  that  ol  dipping  a 
large  spoon  into  the  kettle  and  allowing  the  juice  to  run  off  the  edge.  \X  lien  it  has 
reached  the  jellying  point,  it  will  bang  from  the  spoon  in  a  sheet.  The  nature  of 
the  sheet  will  vary  somewhat  with  different  juices,  and  some  experience  is  necessary 
before  this  test  can  be  used  with  satisfaction.  The  use  of  a  thermometer  is  of  great 
help,  especially  if  more  than  one  batch  of  the  same  juice  is  to  be  cooked.  In  most 
cases  jelly  will  form  when  the  boiling  point  is  about  220  or  221°F.  In  extreme 
cases  the  boiling  point  may  be  one  or  two  degrees  higher  or  lower.  Once  the  cor¬ 
rect  boiling  point  for  a  lot  of  juice  is  determined,  uniform  results  are  secured  from 
boiling  all  kettles  to  same  end  point.  Specific  gravity  determinations  are  equally 
accurate,  but  are  much  more  difficult  to  make.  During  boiling,  the  scum  should 
be  removed  occasionally. 


In  the  home,  jelly  is  ordinarily  put  into  glasses  or  wide-mouthed  jars.  When 
it  has  solidified,  the  top  is  covered  with  melted  paraffin,  which  sterilizes  the  surface 
and  tends  to  keep  out  all  organisms.  Frequently  the  paraffin  cracks  away  from  the 
glass  enough  to  allow  spores  to  enter,  and  a  certain  amount  of  spoilage  takes  place. 
The  high  concentration  of  sugar  also  helps  to  preserve  the  jelly.  In  factories  jelly 
is  sealed  either  in  glass  jars  or  in  tins,  whic^i  are  pasteurized. 

The  acids  in  the  fruit  tend  to  react  with  iron  or  brass  resulting  in  poor  appear¬ 
ance  and  flavour.  It  is  better  to  use  aluminium  vessels,  which  react  very  little 
with  the  fruit  acids.  In  factories,  so-called  ‘glass-lined'  equipment  is  the  best,  this 
being  steel  onto  the  inner  surface  of  which!  a  thick  layer  of  enamel  is  fused.  f 


A  number  of  the  fru.ts  grown  on  the  plains  of  India  are  excellent  for  jelly. 

1GhU;;?;r"y  ,SfWOrld1famOUS’  a"<l  »»  »»*  from  the  more  sour  types  without 

is  desirable1  B  NS'  I  "an  ^'T  0rt'inaril>’  «"  India,  additional  acid 

a  5</  snl  r  ’  f  ‘  S  gh  and  Dutt  ^]9u)  recommend  that  the  fruit  be  extracted  with 

as  compared  wlth13^10  T'  ^  increases  lhe  l)ectin  content  to  1.04% 

ie'lies,  and  the  roselle  is  also  common! Jell  e  ,  77 

The  wood  ;  ‘;:k:;p:  a,K';  t  a(Ue<i  ^ the  ^  >— 

mixad  with  some  other  fruit  '  sLh  “  "0t  Ple^  >">'-  it  i. 

from  its  rind.  They  failed  to  make&‘  lT”  that  peCtm  can  be  extracted 

. . . >■  .~ 
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also  called  ihe  5e\ille  orange  from  the  region  in  Spain  where  it  is  principally 
giown.  In  America  the  preference  is  lor  marmalade  made  from  sweet  oranges.  The 
harna  makes  a  marmalade  similar  to  that  made  from  the  sour  orange. 

In  preparing  marmalade  from  citrus  fruits,  the  rinds  of  some  of  the  fruits 
are  removed,  and  cut  into  thin  slices.  I  hese  are  boiled  in  water  until  they  are 
tender.  In  the  meantime  the  rest  of  the  fruit  is  boiled  with  added  water  until 
tender,  which  usually  takes  about  an  hour.  It  is  then  strained  as  for  making  jelly, 
and  to  this  juice  is  added  the  thinly  sliced  peel  and  sugar.  Tht  rest  of  the  process 
is  the  same  as  in  making  jelly,  except  that  the  marmalade  is  allowed  to  cool  partially 
before  it  is  placed  in  the  glasses  or  tins.  Otherwise  the  pieces  of  rind  are  likely 
to  float  to  the  top. 

In  an  alternative  method,  the  rind  and  juice  are  not  prepared  separately,  but 
the  whole  fruit  is  finely  shredded  or  chopped  before  cooking.  This  produces  a 
marmalade  of  excellent  flavour,  but  it  is  not  as  clear  as  that  made  by  the  former 
method. 


Other  Products 

The  fresh  juice  of  many  kinds  of  fruit  forms  a  delicious  drink,  but  in  few 
cases  is  it  possible  to  preserve  the  juice  without  sacrificing  much  of  the  flavour. 
Fermentation  can  be  prevented  by  pasteurizing  the  juice  and  sealing  it,  but  heating 
gives  a  cooked  flavour  to  many  kinds,  and  others  change  flavour  from  standing. 
Grape  and  pineapple  juices  are  among  those  which  are  very  successfully  bottled  or 
canned.  In  the  United  States  the  use  of  canned  juices  has  become  very  popular,  the 
amount  canned  increasing  from  15  million  cases  in  1934  to  128  million  in  1946.  The 
principal  juices  canned  in  that  country  include  grapefruit,  orange,  pineapple,  and 
tomato.  In  1946  the  citrus  juices  made  up  more  than  half  of  the  total.  According 
to  the  rules  made  under  the  Agricultural  Produce  (Grading  and  Marketing)  Act  of 
1937,  the  product  is  defined  as  ‘juice’  when  unsweetened,  as  ‘cordial’  when  it  contains 
the  prescribed  quantity  of  sugar,  and  as  ‘squash’  when  juice' sacks  have  been  included 
in  cordial.  Lime  and  lemon  juice,  cordial  and  squash  must  be  free  lrom  added 
substances  other  than  water,  sugar,  peel  oil,  harmless  colouring  matter,  and  not 
more  than  350  parts  per  million  by  weight  of  sulphur  dioxide.  Juice  must  contain 
nothing  else,  and  cordial  and  squash  must  contain  at  least  30%  juice,  and  15,  .  0. 
and  50%  sugar,  for  the  three  grades  which  have  been  established.  Similar  ru  es 
apply  to  orange  juice  and  squash,  except  that  the  squash  must  contain  at  least  o5/r 
juice  and  be  free  from  addled  substances  except  water,  sugar,  citric  acid  (as  a  solid 
or  as  citrus  juice)  to  bring  the  total  acidity  to  not  more  than  ha™“S 

colouring  matter,  and  not  more  than  600  parts  per  million  by  weight  of  sodium 

benzoate.  t 

A  more  feasible  method  in  some  cases  is  the  preparation  of  fruit  syrups.  Tl.ese 
arc  generally  made  with  sugar,  but  some  of  excellent  quality  are  made  by  concern 
,,atin»  the  natural  juice.  This  can  ordinarily  he  accomplished  without  spoi1.nr 
, | '  flavour  only  by  boiling  in  vacuum  pans  or  by  freezing.  Both  methods  require 
expensive  equipment.  Fairly  satisfactory  syrups  can  be  made  by  extracting  e 
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juice  much  as  is  done  in  making  jelly,  and  ad, ling  this  to  a  sugar  syrup.  In  order 
to  keep  as  much  as  possible  of  the  flavour  of  the  fresh  fruit,  the  initial  cooking 
should  be  the  minimum  necessary  to  soften  the  fruit.  The  juice  should  be  allow  e 
to  settle,  and  only  the  clear  juice  decanted  and  used.  The  settling  process  can 
greatly  hastened  by  adding  a  small  amount  of  alum  or  of  skim  nnlk.  The  clear 
Juice  is  added  to  the  syrup  and  this  is  brought  to  the  boiling  point  and  bottled  hot  ; 
or  it  may  be  bottled  and  pasteurized.  There  is  a  considerable  demand  for  fruit 
syrups,  for  use  in  making  cooling  drinks,  though  most  of  the  so-called  fruit  drinks 
which  are  sold  are  made  with  artificial  flavours.  These  are  not  harmful  to  the 
health,  but  possess  none  of  the  special  dietetic  values  of  true  fruit  drinks. 


Vinegar  is  a  product  in  the  manufacture  of  which  cull  fruits  can  be  used,  and 
it  is  also  of  importance  in  the  preparation  of  pickles  and  other  fruit  and  vegetable 
products.  While  occasionally  made  in  the  home,  or  as  a  very  small-scale  industry, 
high  quality  vinegar  can  only  be  manufactured  with  fairly  elaborate  equipment. 
When  vinegar  is  made  from  fruit  juice,  the  first  step  is  alcoholic  fermentation  wl  ich 
is  brought  about  by  yeast,  hater  the  alcohol  is  acted  upon  by  certain  bacteria  and 
turned  into  acetic  acid.  Vinegar  can  also  be  made  from  starchy  vegetables,  such 
as  the  potato,  the  starch  being  first  hydrolyzed  into  sugar.  Dulta  and  Biswas 
(1942)  suggest  the  use  of  such  fruits  as  the  guava,  banana,  pineapple,  grape,  orange, 
and  jambolan,  and  give  directions  for  making  vinegar  from  these  as  wrell  as  from 
sugar-cane.  The  fruits  may  be  over-ripe,  and  the  juice  should  contain  at  least  15% 
sugar,  in  order  to  give  an  acetic  acid  content  of  5  or  6%,  which  is  the  minimum  for 
vinegar  of  good  quality.  Distilled  or  spirit  vinegar  is  made  from  distilled  alcohol, 
and  is  popular  in  the  manufacture  of  pickles  because  of  its  uniformity  and  its 
neutral  flavour. 


Pickles  of  the  western  type  are  made  principally  by  adding  vinegar,  with  or 
without  sugai  and  spices,  to  fruits  and  vegetables.  Jn  some  cases,  the  raw  product 
is  allowed  to  ferment  and  thus  form  its  own  acetic  acid.  The  keeping  quality  of 
the  pickle  depends  not  only  on  the  vinegar,  but  also  on  the  salt,  sugar  and  spices. 
It  will  not  ordinarily  keep  indefinitely,  and  is  therefore  sealed  in  jars  with  additional 
vinegar,  or  packed  in  tins  and  sterilized. 


Indian  pickles  are  of  great  variety,  the  preservative  being  salt,  sugar,  vinegar 
or  mustard  oil.  Frequently  two  or  more  of  these  substances  are  combined.  In  mak- 
mg  hot  p, Okies  eh, lies  are  added,  and  various  other  spices  are  sometimes  used.  The 
mm  ard  or  other  otl  prevents  decay  by  excluding  oxygen.  Lemon  or  lime  juice  is 
equently  added,  both  for  flavour  and  to  help  in  preservation. 


Chutney  is  a  distinctively  Indian  product  tlioueh  i,  ,1 

dated  in  some  other  countries.  '  The  best-known  ,v  S''Catly 

other  fruits  and  vegetables  are  used.  There  am  ?’  ^ 

tarn  fairly  large  quantities  of  sugar  and  salt  Chill'  cll>es,  most  of  which  con- 

as  many  other  spices.  I„  many  cases  vine«ar  also  heln  7"™ Y  acltecI’  as  wel1 
Crang  and  Sturdy  (1947)  {  '  p*  10  l)reserve  the  product. 

the  acidity  is  hclow  1%  ’  '  m°U,d  (,ewl°P  on  chutney  only  when 
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l  he  simplest  '\a\  of  preserving  fruits  and  vegetables  is  by  drying  them  in 
Uic  sun,  and  this  is  commonly  used  with,  such  fruits  as  grapes, /figs,  plums,  peaches 
and  apiicots  in  the  est.  Plums  which  can  be  dried  without  removing  the  seed, 
and  without  fermentation,  are  known  as  prunes,  and  form  an  important  crop  in 
Europe  and  America.  In  India,  many  fruits  and  vegetables  are  dried,  mostly  for 
home  consumption.  Ordinarily  they  are  merely  cut  into  suitable  sections  and 
placed  in  the  sun  until  sufficiently  dry  so  that  decay  does  not  set  in.  Unfortunately 
it  is  often  difficult  to  protect  them  from  flies  and  dust.  In  some  countries  where 
the  sun  is  less  dependable  than  in  India,  specially  constructed  drying  ovens  or 
evaporators  are  necessary.  These  make  better  sanitation  possible.  Dehydration 
made  rapid  progress  during  the  Second  World  War,  both  in  the  quantity  of  foods 
handled  and  the  quality  of  the  product.  Conditions  are  very  accurately  controlled. 
Cruess  (1943)  points  out  that  for  vegetables,  the  initial  temperatures  should  be 
high,  up  to  about  300  degrees  F.  in  some  cases,  while  they  should  be  much  lower, 
sometimes  below  145  degrees,  toward  the  end  of  the  process.  The  moisture  is 
reduced  to  below  5%  in  most  cases.  The  use  of  evaporators  in  India,  especially 
for  vegetables,  was  stimulated  by  the  war.  L.  Singh  and  Lai  (1941) 'give  a  plan  for 
a  small  evaporator  using  a  charcoal  burner,  and  give  instructions  for  drying  vegeta¬ 
bles.  Khan  (1941)  describes  the  drying  of  peaches,  plums,  and  pears,  as  done  at 
the  Tarnab  farm  in  the  North-West  Frontier  Province.  He  cites  the  estimated 
import  into  India  from  the  United  States  alone  of  dried  fruits  worth  Rs.  50.000 
annually  as  evidence  of  the  opportunity  for  increased  production.  In  few  cases  is 
dried  fruit  of  as  high  quality  as  that  which  is  canned,  but  it  is  much  cheaper. 

One  of  the  most  common  forms  of  dried  fruit  in  this  country  is  that  known 
by  such  names  as  am  sat  and  amras.  It  is  prepared  from  the  juicy  varieties  of 
mangoes.  The  juicy  pulp  is  squeezed  from  the  stone  onto  clean  plates,  mats  or 
boards  in  a  thin  layer,  and  allowed  to  dry  in  the  sun.  More  pulp  is  added  each 
day  for  about  a  week,  and  when  the  last  layer  is  dry,  the  whole  sheet  is  rolled  up, 
cut  into  smaller  rolls,  and  stored.  This  product  is  very  popular,  and  it  is  desirable 
that  a  more  sanitary  method  of  preparation  be  worked  out.  If  this  is  done,  the 
commercial  manufacture  of  amras  may  prove  profitable.  Another  common  and 
very  useful  household  product  is  made  by  drying  strips  of  the  pulp  of  green 
mangoes. 

When  fruits  or  vegetables  are  frozen  in  nature,  or  the  temperature  m  cold 
storage  becomes  too  low,  the  cell  structure  is  damaged  and  the  material  frequently 
becomes  useless.  Some  foods,  however,  can  be  frozen  very  quickly,  kept  frozen  for 
long  periods,  and  when  thawed  have  much  the  appearance  and  flavour  of  the  fresi 
product,  and  may  be  eaten  raw  or  cooked.  This  method  has  become  very  common 
in  the  United  States  in  recent  years,  but  there  are  still  many  problems  to  be  solved. 
Some  varieties  have  been  found  much  more  suitable  than  others.  Some  have  a 
tendency  to  turn  brown  and  to  develop  undesirable  flavours  on  thawing.  A  mini  ei 
of  fruits  grown  in  India  have  been  found  suitable,  including  the  mango,  guava, 
papaya,  and  litchi.  Fruits  are  washed,  sometimes  sliced,  and  may  have  sugar 
added.  The  addition  of  about  200  mg.  of  ascorbic  acid  per  pound  of  fruit  may  le  p 
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T.  ;s  uluceil  in  a  convenient  container  ami  lioztn  in 

rZl^he  temperature  is  not  above  zero.  Fahrenheit,  and | 

as  40  degree?  below.  Alter  Ueezmc,  n.  )  method  is 

above  zero,  but  belter  results  are  secured  by  storing  at  about  zero. 
uLl  in  three  ways  in  the  United  Stales.  Large  commercial  firms  freeze  In  ■ 
vocables  and  si, ip  them  under  refrigeration  to  all  parts  ol  the  country,  where  it 
are°  sold  in  small  refrigerated  cases  in  shops.  There  are  also  a  large  nun, her  o 
co-operative  societies,  especially  in  rural  areas  and  small  towns  winch  have  small 
freezing  units,  and  refrigerated  lockers  for  each  member.  The  member  brings 
Ins  produce.  I, as  it  frozen,  and  puts  it  in  his  own  locker  Iron,  which 

he  can  take  all  or  part  of  it  at  any  lime.  An  increasing  number  of  md.vid- 
„als,  especially  those  living  far  from  any  town,  have  their  own  freezers.  Meat, 
fish,  and  other  food  can  be  frozen  and  stored  in  the  same  units.  In  India,  the 
method  could  probably  be  applied  at  present  only  in  the  larger  cities. 

Frozen  citrus  juice  concentrates  became  extremely  popular  in  the  United  Stales 
as  soon  as  they  were  introduced.  Any  heating  of  citrus  juice  damages  the  flavour, 
mainly  through'  the  loss  of  volatile  substances.  It  was  found  that  these  are  present 
in  the  fresh  juice  in  greater  quantity  than  is  needed,  and  that  by  concentrating 
the  juice  under  vacuum  to  60  degrees  Balling  and  then  adding  one  part  of  fresh 
juice  to  two  parts  of  the  concentrate,  a  mixture  is  secured  of  desirable  flavour.  This 
can  be  placed  in  tins  and  frozen.  When  diluted  to  the  concentration'  of  fresh  juice, 
the  flavour  is  very  similar  to  that  of  fresh  juice.  Other  juices  may  be  prepared 
in  a  similar  manner,  and  some  encouraging  results  have  been  secured  in  partially 
dehydrating  fruit  and  then  freezing  it. 


Chapter  xit. 


THE  HISTORY  AND  LITERATURE  OF  POMOLOGY 


At  the  dawn  of  written  history,  fruit  was  already  being  grown,  but  probably 
most  of  the  fruit  eaten  was  wild.  The  story  of  Adam  and  Eve- living  in  a  garden, 
where  they  had  only  to  pluck  the  fruit,  and  later  being  forced  to  toil  for  their  food, 
reflects  the  history  of  the  race.  When  men  began  to  plant  crops,  in  order  to  supple¬ 
ment  the  wild  seeds,  roots,  and  fruits,  they  would  naturally  choose  the  annuals,  and 
only  at  a  latei  stage,  'with  the  development  of  more  permanent  abodes,  would  trees 
find  a  place  in  primitive  agriculture.  But  very  little  is  definitely  known  about 
the  very  early  history  of  agriculture. 


History  begins  in  the  development  of  the  great  centres  of  civilization,  around 
the  Mediterranean,  in  the  Tigris-Euphrates  valley,  India,  China,  and  tropical 
America.  T  he  concentration  of  population  necessary  for  such  advance  is  possible 
only  ^  agriculture  has  been  developed.  This  connection  is  brought  out  by 
^asson  (  .»  m  writing  of  the  region  which  is  now  Iraq  at  about  3500  BC 

There  .9  no  doubt  at  all',  he  says,  ‘that  the  city,  in  ,|le  sense  in  which  we  know  it 
was  entirely  a  Sumerian  conception.  And  in  that  city  we  find  everywhere  the 
reniemberances  of  the  great  invention  of  agriculture  that  gave  it  birth.  The  royal 
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A  ^  nU  le,^LCl  ^  a'S  ®ra^n’  'v^leal  unt^  Parley,  pomegranates — one  of 
Ihe  world  s  earliest  cultivated  fruits, -and  the  domesticated  animals  appear  renro- 

lented  in  the  gold  jewels  and  ornaments  of  the  Sumerian  kings. ..  .Bulls  and  cows 
rapidly  achieved  a  semi-mystic  veneration.  For  the  Sumerians  remembered  their 
origin®,  just  as  we  remember  our  recent  scientific  past.’  Even  older  than  the 
pomegranate,  and  perhaps  the  oldest  of  all  cultivated  fruits,  is  the  date.  A  reli- 
°*ous  cuB  Bie  (^a*e  *s  mentioned  in  records  from  this  same  region  from  about  7000 
B*  C->  aiuI  Sinead  throughout  the  Mediterranean  world.  The  date  achieved 
importance  in  Egypt  in  the  third  millennium  B.  C. 


Although  there  is  also  reference  to  the  peach  and  almond  in  an  Egyptian 
manuscript  of  about  1  300  L>.  C.,  the  first  extensive  references  to  fruit  in  the  Medi¬ 
terranean  region  are  in  the  writings  of  the  Greeks  and  Romans.  Homer  (962-927 
1>.  C.)  refers  in  the  Odyssey  to  the  apple,  pear,  pomegranate,  fig  and  olive.  Xeno¬ 
phon  and  Theophrastus  (called  the  '‘father  ol  Botany”  by  Linnaeus)  made  import¬ 
ant  contributions  to  horticultural  literature  in  Greece  in  the  fourth  century  before 
Christ.  The  Romans  were  great  collectors,  both  of  plants  and  of  information,  true 
and  false.  They  brought  in  the  fig,  almond,  peach,  apricot  and  other  fruits  from 
the  outlying  parts  of  their  great  empire,  and  collected  many  varieties  of  some  of 
these.  Cato  (239-149  B.  C.)  and  Varro  (116-28  I>.  C.)  wrote  works  on  agriculture, 
the  latter  in  his  Rcrum  Rusticarum  mentioning  four  ways  of  training  grape  vines, 
propagation  by  seed,  cutting,  grafting,  and  inarching  (then  a  new  method),  the 
making  of  wine  and  olive  oil,  and  the  storing  of  fruit  in  brine,  oil,  or  salt.  Virgil 
took  most  of  his  agriculture  from  Varro.  Collumella,  who  travelled  extensively  about 
200  years  after  Cato,  and  left  a  very  full  account  of  the  agriculture  of  southern 
Europe,  reflects  very  little  improvement  in  that  period.  The  greatest  contribution 
lo  ouE  knowledge  of  Roman  agriculture  was  made'  by  Pliny  (23-79  A.  D.)  whose 
classic  Natural  History  is  a  review  of  more  than  1,000  volumes. 

Fruit  played  a  prominent  part  in  the  life  of  the  ancient  Hebrews.  Refer¬ 
ences  to  the  grape,  the  fig  and  the  olive  abound  in  the  Old  Testament,  including  those 
parts  written  more  than  1,000  years  before  the  birth  of  Christ.  The  palm  tree  is 
mentioned,  but  the  fruit  is  not,  for  it  is  only  in  the  hottest  parts  of  Palestine  that 
edible  dates  will  mature.  Some  indication  of  the  importance  attached  to  fruit  is 
the  specific  prohibition  of  the  destruction  of  fruit  trees  by  besieging  aimies,  in 
Deuteronomy,  probably  written  by  the  seventh  century  B.  C. 

The  Chinese  have  been  among  the  world’s  best  gardeners  for  many  centuries 
and  have  developed  a  number  of  excellent  fruits,  including  the  litchi,  the  persim¬ 
mon.  and  several  citrus  fruits.  Horticulture  has  been  a  favourite  subject  for  poets 
and  other  writers,  some  of  them  writing  more  than  4,000  years  ago.  A  treatise  on 
the  litchi  written  in  1056  A.  D.  is  said  to  be  the  first  book  in  the  world  dealing  onlv 
with  fruit-growing.  The  attitude  of  the  Chinese  is  reflected  in  the  remark  of  the 
Emperor  K’an-hi  (1662-1722),  cpioted  by  Laufer  (1919)  :  ‘I  would  procure  for  mv 
subjects  a  novel  kind  of  fruit  or  grain,  rather  than  build  a  hundred  porcelain  kilns.’ 

Civilization  in  tropical  America  developed  much  later  than  in  Europe  and 
Asia,  and  seems  to  have  been  based  on  a  less  advanced  agriculture.  However,  this 
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,c»io„  has  produced  a  number  of  valuable  fruits,  including  the  avocado,  guava, 
papaya,  and  custard  apples.  Some  of  these  had  reached  a  stage  of  development 
before  the  arrival  of  the  Europeans  which  indicates  a  fairly  high  type  o  101 
tore.  Unfortunately,  these  civilizations  have  left  little  in  the  way  of  legible  written 

records. 

It  is  in  India  that  our  interest  chiefly  lies,  and  fortunately  a  great  wealth  of 
material  is  available.  But  the  task  of  uncovering  information  about  fruit,  especial¬ 
ly  in  the  Sanskrit  writings,  is  a  difficult  and  complicated  one.  The  very  quantity 
of  such  literature  makes  it  an  immense  problem  to  search  out  all  of  the  references 
to  fruit  and  to  horticultural  practices.  It  is  frequently  difficult  to  ascertain  within 
several  centuries  the  time  when  a  book  was  written.  As  in  other  eaily  writings, 
legend,  superstition,  error  and  fact  are  recorded  with  perfect  impartiality.  To 
identify  the  crops  mentioned  is  generally  difficult,  and  frequently  impossible. 
When  it  is  remembered  that  the  sitaphal  even  today  may  be  either  a  pumpkin  or  a 
custard  apple,  and  that  Vi  att  (1908)  says  ot  the  sour  lime,  ‘Ihis  is  the  lemon  of 
most  popular  writers’,  it  is  not  surprising  that  many  translators  have  been  led 
astray.  At  least  until  much  more  study  has  been  devoted  to  this  field,  many  con¬ 
clusions  will  have  to  be  tentative. 


Early  Indian  Records 


In  Sanskrit  literature  written  before  the  Christian  era,  there  seems  to  be  little 
mention  of  fruit.  The  Arthashastra,  believed  to  have  been  written  in  the  fourth 
century  B.  C.,  refers  to  land  suitable  for  grapes.  It  is  impossible  to  date  the  Bra- 
hatsamhita  very  definitely,  but  it  comes  from  the  period  1200  to  200  B.  C.  Accord¬ 
ing  to  Gangopadhyay  (1932),  it  states  that  the  jackfruit,  plantain,  and  other  fruits 
were  propagated  by  cuttings,  smeared  with  cow  dung,  but  that  grafting  was  better, 
using  roots  or  stems  as  stock.  These  methods  are  obviously  wrong  as  far  as  the 
plantain  is  concerned,  and  probably  for  the  jackfruit  also,  but  the  statement  is  of  im- 
poitance  as  an  indication  that  methods  of  vegetative  propagation  were  used  at  this 
early  period.  Other  fruits  mentioned  are  the  tamarind,  wood  apple  or  elephant 
apple,  and  the  aonla. 


Two  early  Sanskrit  medical  works  of  great  importance?!  the  Charaka  Sam- 
Inta  and  the  Sushruta  Samhita,  mention  large  numbers  of  medicinal  plants,  includ¬ 
ing  some  fruits.  There  is  some  doubt  as  to  when  they  were  written.  Lai  (1907, 
19H  WH)  claims  that  the  Sushruta  Samhita  was  written  at  least  two  centuries  be¬ 
fore  the  birth  of  Buddha,  which  occurred  about  480  B.  C.,  and  that  the  final  recen- 
Trench  is one  now  existing,  was  made  by  Nagarjuna  about  the  2nd  century 
.  L.  Tolkowsky  (1930),  on  the  other  hand,  seems  to  be  correct  in  stating  that  the 
book  was  probably  written  in  the  4th  century  A.  D.  Chandra  considers  Charaka 
'  1  'er  mn  Sushruta’  and  as  Tolkowsky  suggests,  that  he  wrote  about  100  A  D 

hear,  diZVul  ^  Tf.TTb"’  "T  "°rks  ”*  ,he  Mnla’  baeI>  Bullock’s 
art,, .citron,  wild  date,  wild  fig  (heus  glomerate),  grape,  hog  plum  iarkfmif 
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ldPe  t  'f;  e  ":’ln  alm“nd’  i;;stachi0-  ^unji,  and  coconut.  The  difficulty  of 

S 2  e  "aT  'S  11  UStrated  '>>■  ,he  f»«  lha‘  Chandra  seems  uncertain 

Hhethe,  one  term  means  the  wood  apple,  karanda,  carambola,  or  Citrus  medica.  h 

herelore,  perhaps,  not  unduly  cynical  to  question  the  inclusion  of  the  bullock’s 
11  '  S  hst’  as  ;l  l,e  0,,SS  to  a  genus  generally  believed  to  have  originated  in 

i‘”!’‘C,J  ,  "t! ICa,  a"d  as  the  *nllcl>  more  common  and  valuable  custard  apple  is  not 
mcluded.  The  identification  of  some  of  the  citrus  fruits  is  also  questionable. 

In  later  Sanskrit  books,  particularly  the  Puranas,  many  fruits  are  mentioned, 
but  as  these  were  written  during  this  era,  and  some  as  late  as  the  14th  century,  their 
significance  is  doubtful.  They  would,  however,  probably  be  limited  to  fruits  indig¬ 
enous  to  Asia  and  Europe.  The  Matsya  Parana,  in  addition  to  many  of  the  fruits 
given  above,  names  the  fig,  rose  apple,  and  breadfruit.  The  inclusion  of  the  last, 
which  is, grown  only  to  a  slight  extent  in  southern  India,  and  not  the  much  more 
common  jackfruit,  suggests  a  possible  error  in  translation.  It  is  not  clear  whether 
the  fig  is  ol  the  cultivated  type  or  one  of  the  wild  species.  The  Krshi  Parasara,  said 
to  lie  not  earlier  than  the  6th  century,  mentions  the  litehi,  in  addition  to  the  mango, 
plantain  and  coconut.  The  Sukra  Niti,  written  in  the  16th  century,  mentions,  in 

addition  to  other  fruits,  two  types  of  dates,  one  of  which  may  be  the  ' cultivated 
species. 


\  anna  (1917,  1949)  refers  to  a  Sanskrit  manuscript  by  an  unknown  author, 
entitled  \  liksha  Kopan  Vidhi  and  chapter  505  of  \  ariksh  Ayurveda,  compiled  or 
composed  by  Banna  Sanghita  Charya  in  ]  392  A.  D.  These  deal  with  the  import¬ 
ance  ol  fruit  culture,  propagation,  and  some  aspects  of  culture.  Graftage  was 
known,  but  was  apparently  thought  to  produce  hybrids.  The  difficulties  of  transla- 
•ion  are  again  illustrated  by  Varma’s  use  of  the  word  ‘lime’  for  ‘ jambhir ,  although 
the  latter  is  said  to  be  four  times  the  size  of  the  sour  lime. 


Before  the  later  of  these  Sanskrit  works,  independent  testimony  had  been 
introduced  by  Yuan  Chwang  (Hiuen  Tsiang  or  Huan  Tsan)  (Beal,  1884;  Walters, 
1901),  a  Chinese  Budhist  pilgrim  who  was  in  India  from  629  to  615  A.  D.  His 
interest  was  primarily  religious,  and  some  of  his  observations  untrustworthy,  but  his 
list  of  fruits  confirms  the  presence  in  India  of  the  mango,  tamarind,  jujube  (but  not 
the  species  with  which  he  was  familiar  in  China),  wood  apple,  aonla ,  Ficus  glo- 
merata ,  plantain,  coconut,  and  jackfruit,  and  adds  a  species  of  Diospyros,  again  not 
the  D.  kaki  of  China.  He  also  call^  attention  to  the  absence  of  the  loquat.  He 
adds  that  pomegranates  and  sweet  oranges  were  grown  everywhere.  Pears,  plums, 
peaches,  apricots,  and  grapes  he  found  here  and  there,  ‘from  Kashmir  on’,  but  it  is 
not  clear  whether  he  meant  toward  China  or  toward  India.  In  another  place  he 
states  that  at  the  time  of  the  Indo-Scythian  king,  Kaniska  (in  the  first  century  A.  D.), 
Chinese  hostages  who  resided  during  the  winter  in  the  eastern  Punjab  planted  peach 
and  pear  trees,  and  at  the  time  he  wrote  the’  peach  was  called  ‘cinani’  and  the  pear, 
‘cinarajputra.’ 

The  next  contribution  to  the  history  of  pomology  in  Tndia  is  that  of  the 
Emperor  Baber,  and  no  greater  contribution  has  been  made.  Not  only  does  he 
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give  a  very  inclusive  list  of  fruits  in  his  Memoirs,  (Leyden  and  Erskin,  1826)  but 
die  accuracy  of  his  descriptions  is  remarkable,  and  he  writes  with  zest  which 
reflects  the  personality  of  a  great  man.  His  comments  on  the  mango  certainly 
justify  quotation  at  some  length:  ‘Such  mangoes  as  are  good  are  excellent. 
Many  are  eaten,  but  few  are  good  of  their  kind.  lhey  pluck  most  of  them  unripe 
and  ripen  them  in  the  house.  While  unripe,  the  mango  makes  excellent  tarts  and 
extremely  good  marmalade.  In  short,  this  is  the  best  fruit  of  Hindustan.  I  he 
tree  bears  a  great  weight  of  fruit.  Many  praise  the  mango  so  highly  as  to  give 
it  preference  to  every  kind  of  fruit,  the  muskmelon  excepted,  but  it  does  not  appear 
to  me  to  justify  their  praise’.  He  mentions  two  types,  those  eaten  and  those  sucked, 
and  praises  particularly  the  mangoes  of  Bengal  and  Gujarat.  It  is  interesting 
to  notice  that  Babar,  like  most  adults,  remembers  as  the  best  of  all  fruits  those  he 
knew  in  childhood.  It  does  not  enter  his  head  that  anyone  would  prefer  the  mango 
to  the  melons  of  Samarkand.  Again,  he  speaks  of  the  pomegranates  in  the  Bagli- 
e-  Vafa  in  Afghanistan  as  excellent  but  ‘not  equal  to  the  fine  ones  of  our  country’. 

‘The  plantain  has  two  good  qualities’,  says  Baber,  ‘the  one  is  that  it  is  easily 
peeled — the  other  that  it  has  no  stone%  and  is  not  stringy.’  ‘They  say  that  the  date 
alone  of  all  the  vegetable  kingdom,  resembles  the  animal  kingdom  in  two  respects’, 
that  it  dies  when  its  head  is  cut  off,  and  that  it  bears  fruit  only  when  male  and 
lemale  palms  are  both  present.  The  tapping  of  the  trees  for  juice  is  described. 
When  the  Emperor  found  a  fruit  he  did  not  like,  he  was  free  to  say  so.  Of  the 
amleh  ( aonla )  he  says,  ‘W  hen  made  into  marmalade  it  is  not  bad,  and  is  very 
wholesome’;  while  of  the  jarnan  he  is  more  critical,  ‘Its  fruit  resembles  the  black 
grape,  but  has  a  more  acid  taste  and  is  not  very  good’.  But  of  the  jackfruit  he 
could  say  nothing  good;  he  liked  neither  the  flavour  nor  the  appearance  which  he 


thought  was  like  ‘a  sheep’s  stomach  made  into  a  haggis’. 

Baber  is  the  first  writer  to  mention  a  number  of  the  citrus  fruits,  and  about 
some  of  these  he  gives  helpful  information.  Here,  however,  it  is  very  difficult  to 
know  just  what  fruits  are  meant.  The  fruit  which  he  calls  ‘taranj’,  though  the 
people  of  India  called  it  ‘bajauri’,  while  in  Bajaur  it  was  called  ‘baleng’,  is  prob- 

3  tl?“r0?’feSPedaUy,,hJe  t)pe  Which  !le  said  lhat  *  »as  sickly  sweet  and  the 
peel  was  used  for  marmalade.  But  when  he  speaks  of  another  type,  with  fruit  a 

deepet  yellow  than  the  orange,  rind  extremely  thin  and  knobbed,  juice  sour  and 

used  for  Sherbet,  and  leaves  smaller  than  those  of  the  orange,  it  se^s  that  he  must 

‘tan  ST  SPeCieS  “  mind-  The  translators  use  Seville  orange  for  his 
the  S  aTsha0penofrSs  “g  -'hoiLT  »*>'«««•  They  also  speak'  of  limes 

‘sengtereh'  T  ^  ^ 

agreeable  and  wholesome  sherbet  The  ‘;.a;  ,  ke  an  extremely 

ably  the  rough  lemon,  but  when  this  is  said  to  be  shaped  nkT"’1  'T*  iS  prol> 
yellow,  some  doubt  arises  OiIip.-  r’t  r  •  C  an  oianSe>  but  a  deeper 

‘sadaphal*,  a  sweet  f^f’ shaded  it  I  „T  "V ^ 

‘amratphal’  the  ‘kirneh’  (nerlnn*  »1  z  1  ,ant  1  le  co^our  of  a  quince,  the 

*•,■?**■  - 

away  .  inriisi  into  the  heart  of  it,  it  melts 

16 
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lhe  first  mention  of  fruits  indigenous  to  the  western  hemisphere,  seems  to 
occur  in  the  Ain-i-Akbari  written  about  1590,  some  seventy  years  after  Baber  s 
Memoirs,  and  just  about  100  years  after  the  discovery  of  America  by  Columbus, 
lhe  only  new  fruits  appearing  in  this  work  are  the  pineapple  and  the  custard  apple, 
both  from  tropical  America,  unless  some  of  the  terms  which  the  translator  does  not 
venture  to  put  into  English  also  represent  new  species.  A  few  years  later,  another 
Moghal  writer  (Rogers,  1909,  1914)  adds  another  American  fruit,  the  guava,  and 
includes  some  temperate  fruits  not  previously  mentioned  in  India  proper,  sweet  and 
sour  cherries,  the  currant,  and  the  quince. 

European  Visitors 


By  this  time  the  first  European  travellers  were  visiting  India,  and  beginning 
the  stream  of  travel  books  which  have  added  much  to  our  knowledge  of  the  develop¬ 
ment  of  fruit-growing  in  the  last  500  years.  The  great  pioneer,  Marco  Polo,  visited 
southern  India  late  in  the  13th  century,  but  seems  to  have  been  little  interested 
in  the  fruits,  although  he  had  recorded  several  seen  in  China.  In  the  fifteenth 
century,  travellers  (Bracciolini,  1857)  recorded  ‘vast  varieties  of  fruits,  and  above 
all  those  called  musa  which  are  more  sweet  than  honey’  and  coconuts,  on  the  banks 
of  the  Ganges,  apparently  along  its  lower  part.  They  also  mention  grapes  in  Burma 
but  not  elsewhere  in  India,  along  with  pineapples,  oranges,  and  chestnuts;  the  durian 
in  the  Andamans;  and  the  mango  and  jackfruit  in  Malabar.  A  little  later,  Eden 
1(1577)  mentions  the  jackfruit  and  the  ‘apolanda’  or  banana  at  Calicut.  Watt 
(1908)  quotes  two  other  travellers  ofi  about  this  time.  Vertomannus,  a  gentleman 
of  the  city  of  Rome,  visited  Cananor  and  Narsinga  in  South  India  in  1503,  and 
wrote  that  ‘the  soyle  beareth  neyther  wheate  nor  vynes,  or  few  other  fruits,  except 
Oranges  and  Gourdes.’  Varthema  was  in  Cananor  in  1510  and  also  mentions  the 
sweet  oranges,  but  found  them  less  excellent  than  those  of  Ceylon,  which  vere, 


indeed,  the  finest  in  the  world. 

John  Huyghrn  van  Linschoten  (Bunell  and  Tiele,  1885),  one  of  the  greatest 
of  the  early  travellers,  began  his  voyage  to  the  East  Indies  in  1576,  and  had  much 
of  interest  to  report  about  the  fruits  of  India.  He  speaks  of  the  ananas  (pine¬ 

apple)  as  having  been  ‘first  brought  by  the  Portuguese  out  of  Brasille’,  and  of  the 
‘papaios’  (papaya)  from  the  Spanish  Indies  having  been  brought  from  beyond  the 
Philippines  to  Malacca  and  thence  to  India.  He  found  oranges,  lemons,  and  citrons 
to  occur  ‘throughout  all  India  in  great  abundance  and  for  goodness  and  taste 
surpass  those  of  Spain’.  But  even  better  were  those  of  Ceylon  of  which  he  writes, 
‘for  orenges,  lemons,  and  citrons  it  hath  not  only  the  best  in  India  but  better  than 
any  are  found  either  in'  Spaine  or  Portingal’.  Duly  impressed  by  the  banana,  for 

which  he  uses  a  term  common  in  early  writings,  he  says,  Indian  igges  t  ere  aie 

manie  and  of  divert  sorts’  and  of  ‘marvellous  good  taste’.  They  may  serve  o  1 

for  bread  and  butter,  and  a  man  may  verie  well  live  thereon,  without  other  meate 
if  need  were,  as  manie  in  India  do  live  therewith.’  After  mentioning  ha,  they 
were  dried  and  carried  all  over  India  for  sale,  he  concludes  that  ,t  is  one  of  the  best 
and  necessaryest  fruits  in  all  India,  and  one  of  the  principallest  sustenances  of  he 
common  people’.  Of  ‘mangas’  (mangoes)  he  has  not  much  to  say,  excep  . 
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green  ones  were  preserved  in  salt,  stuffed  with  ginger  and  garlic  or  made >  ^ 

He  reported  that  the  ‘Tamarimo  groweth  in  the  most  par  J  ’  mentioned 
the  lands  of  Gusurate  and  the  north  parts  beyond  Goa  0  her  m  ^ 

are  the  ‘Iacas’  (jackfruit),  ‘Iambos  (jaman),  carambola,  Bnndoijans  * 
purpurea),  mangosteen,  and  ‘Emblicos’  (aonla),  as  well  as  several  it  is  now  diffi 

to  identify.  .  .  .  ,  ,  . 

Just  twenty-five  years  later  Pyrard  (Grey,  1890)  began  a  voyage  winch  brought 

him  also  to  India,  where  he  found  a  number  of  the  common  Trims  including ,  t  o 
‘mirabolans’  (aonla)  which  were  growing  in  great  numbers  m  Cochin  and  Gal.cn 
and  were  made  into  conserves  and  comfits.  When  he  mentions  also  the  durian  and 
■ramboutan,’  which  are  quite  tropical,  it  m^st  be  remembered  that  India  to  him  may 
have  included  Malaya,  as  it  did  to  some  other  writers.  It  was  also  difficult,  even  at 
that  time,  for  travellers  to  find  out  which  fruits  were  indigenous,  and  while  the  gener¬ 
al  tendency  was  to  assume  fruits  native  unless  it  was  known  that  they  were  not,  Della 
Valle  (Grey,  1892),  in  India  in  1C22-23,  included  the  mango  and  jaman  with  the 
papaya,  cashew  and  pineapple  as  having  been  brought  from  Brazil. 

Another  keen  observer  was  Edward  Terry,  Chaplain  to  Sir  Thomas  Roe,  the  first 
British  Ambassador  to  the  Moghul  court,  who  was  in  India  from  1616  to  1619.  He 
also  showed  rather  surprising  enthusiasm  for  the  aonla,  referring  to  ‘those  most 
excellent  plums,  called  ‘Mirabolans,’  although  he  found  the  oranges  and  lemons  in¬ 
ferior  to  those  he  had  tasted  elsewhere.  He  liked  bananas  which  were  ‘made  like  unto 
tender  cucumbers’  and  tasted  ‘like  unto  a  Norwich  pear,  but  much  better.’  The 


mango  was  also  ‘a  most  excellent  fruit’  ‘which  taken  and  rolled  in  a  man’s  hand  be¬ 
comes  like  the  pap  of  a  roasted  apple,  which  when  sucked  out  from  about  a  large 
stone  they  have  within,  is  delicately  pleasing  unto  every  palate  that  tastes  it’ — an 
observation  less  accurate  than  Baber’s.  Best  of  all  he  found  ‘the  Ananas,  like  unto 
our  pineapples,  which  seems  to  the  taster  to  be  a  most  pleasing  compound  made  of 
strawberries,  claret-wine,  rose-water,  and  sugar,  well  tempered  together.’ 

A  little  later,  writers  were  more  apt  to  refer  to  specific  parts  of  India.  Bruton 
says  in  reference  to  Bengal,  ‘Good  fruits  thev  have  in  abundance;  as  cocoa-nuts, 
mangoes,  pineapples,  guavas,  limes,  lemons  and  oranges,’  while  the  mulberry  was 
grown  mainly  for  silk  production.  This  was  soon  after  1632,  the  year  in  which' 
Mundy  (Temple,  1914)  reached  *Agra,  where  he  found  apples  (although  they  were 
scarce),  ‘orenge,’  ‘mulberrie,’  mango,  coconut,  ‘figg,’  and  plantain  trees.  In  the 
bazars  he  reports  ‘ananesses’,  raisins,  almonds,  pistachios,  walnuts,  prunes,  ‘prunellas 
or  dryed  Apricocks’,  ‘Musk  millions’  (sitaphal) ,  and  ‘water  millions’.  Somewhere 
in  noithern  India  he  saw  the  pear,  and  also  ‘A  Delicate  Fruit  resembling  a  pine,  butt 
when  ripe  it  is  soflt  and  of  an  admirable  taste,  called  Atae’,  of  which  a  footnote  says 
that  this  is  Anona  squamosa ,  and  which  is  referred  to  again  in  1638  at  Aching  in 
Sumatra  where  it  was  called  ‘Anona’.  At  Goa  in  1636  he  refers  to  the  ‘Cajoora’,  of 

which  the  editor  says  that  this  is  the  cashew  which  had  been  introduced  by  the  Portu¬ 
guese  in  the  16th  century. 

Pennant  (1798)  mentions  breadfruit  in  Cochin,  and  a  large  number  of  fruits  in 
the  Cangetid  valley,  including  surprisingly,  the  strawberry,  said  to  grow  in  the 
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woods  aiound  l  atnu.  He  shared  Babers  low  opinion  of  the  jackfruit,  saying  ‘It  is 
wonderful  that  this  and  some  other  Indian  fruits  should  find  admittance  into  a  dessert. 
Some  compare  the  smell  to  garlic  mixed  with  frowsy  apples,  others  to  a  much  more 
filthy  thing.  But  in  Assam  he  admired  the  ‘punialeh,  a  species  of  amleh,  which  has 
Mich  an  excellent  flavour,  that  every  person  who  tastes  it  prefers  it  to  the  plum.’ 

Light  on  the  nomenclature  of  mangoes,  and  particularly  the  most  famous  variety, 
is  shed  by  Manucci  (1907)  w  ho  was  in  Goa  late  in  the  17th  century,  and  refers  to  the 
abundance  of  food,  principally  fruits.  ‘Among  these  is  the  mango,  the  best  flavoured 
lruit  of  India- •.  ...In  Goa  the  gentlemen  are  very  particular  about  having  good 
kinds  of  this  fruit.  They  give  them  special  names  taken  from  the  first  person  to  have 
good  mangoes  of  that  kind.  Thus  they  speak  of  the  mangoes  of  Niculao  Afonco, 
which  are  the  largest  and  best;  Melajassao  mangoes  and  Carreynas  mangoes.’  In 
another  place  he  spells  the  name  Affonso,  giving  a  precedent  for  the  various  forms 
of  the  name  Alphonse  now  in  use.  Of  the  pineapple,  he  says,  ‘In  no  part  of  India 
have  I  seen  them  in  such  quantities  as  in  Bengal,  where  they  were  large  and  fine. 
The  reason  for  this  is  that  it  is  a,  low-lying  and  humid  country.’  'There  are  a  quantity 
of  Jacas  (Jack-fruit)  like  large  melons  growing  on  the  bark  of  the  tree,  with  strong 
sharp  thorns  on  the  rind.  There  are  two  kinds — the  barca  Jack  and  the  papa  Jack. 
Later  he  mentions  a  third  kind,  pacheri,  and  says  that  some  weigh  80  pounds. 

Medical  men  have  contributed  much  by  looking  about  them  with  a  scientically 
trained  eye,  and  among  the  first  to  visit  India,  also  toward  the  close  of  the  17th 
century  was  John  Fryer  (1909).  He  was  among  the  first  to  distinguish  between 
the  plantain  and  the  ‘bonanoes’  which  were  smaller  but  better.  But  he  deserves  quota¬ 
tion  not  so  much  for  his  facts  as  for  the  delightful  way  in  which  he  gives  them. 
While  in  ‘Canatick,’  he  writes  of  ‘the  Mango  (which  they  have  improved  in  all  its 
kinds  to  the  utmost  Perfection)  being  a  Sovereign  Medicine;  they  are  the  best  and 
largest  in  India.  .  .  .  the  Fruit  when  green  scents  like  Turpentine,  and  pickled  are 
the  best  Achars  to  provoke  an  Appetite;  when  Ripe,  the  Apples  of  II  is  per  ides  aie 
but  fables  to  them;  for  Taste,  the  Nectarine,  Peach  and  Apricot  fall  short;  (they 
make  them  break  out,  and  cleanse  the  Blood,  and  Salivate  to  the  height  of  Mercurial 
Arcanaes;  and  afterwards  fatten  as  much  as  Antimony,  or  Acorns  do  Hogs.’  Of 
the  pineapple  he  writes,  ‘The  Taste  inclinable  to  Tartness,  though  most  excellently 
qualified  by  a  dulcid  Sapor  that  imposes  on  the  Imagination  and  Gustative  Faculty 
a  Fancy  that  it  relishes  of  any  Fruit  a  man  likes,  and  some  will  swear  it’. 

By  1754  two  new  names  appear  on  the  list  of  fruits,  one  probably  indigenous, 
the  other  imported.  That  Ives  (1793)  is  the  first  to  mention  the  ‘Pulsa’  (phalsa)  can 
be  explained  by  the  unimportant  position  of  this  fruit,  which  he  found  in  only  one 
garden  in  Bengal,  although  it  is  probably  a  native  of  India.  But  the  Chaddoc 
f p ample  or  pimple-noses)  ’  which  he  considered  ‘a  fine  pleasant  fruit’,  is  the  pum- 
melo,  which  is  mentioned  in  earlier  writings  in  China  and  Java.  Ives  also  spea  s 
of  two  sorts  of  custard  apples,  which  may  mean  two  species;  the  date,  which  seems 
to  have  been  missed  by  other  Europeans,  few  of  whom  probably  visited  the  noiti- 

west ;  the  guava  and  other  fruits. 
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Wlth  a  brief  reference  ,o  another  doctor,  Buchanan  (1807),  who  found  the 
.  T  of  Tinnoo  much  better  than  those  in  Calcutta,  and  the  peaches 

Z'h“  or^Cagnd  Who  men, fins  a  relative  of  the  mango,  SponJias  Julcis,  the  deports 
of  travellers  may  Ire  left  in  favour  of  more  systematic  works.  Two  events  of  Brea 
importance  are,  connected  with  the  name  of  that  most  versatile  missionary,  \\  tlham 
CaL  In.  1820  he  founded  the  Agricultural  and  Horticultural  Society  of  India 
and  four  years  later  he  published  the  first  edition  of  Roxburgh  s  (1824)  monuments 
Flora  Indica.  William  Roxburgh,  M.  D.  had  come  to  India  in  1776  as  medical  office! 
of  the  Madras  Army,  but  soon  became  botanist  to  the  East  India  Company,  and  from 
1793  until  1814  was  superintendent  of  the  botanical  garden  m  Calcutta.  He  also 
wrote  Plants  of  the  Coast  of  Coromandel,  and  Hortus  Bengalensis.  Roxburgh  gives 
a  tremendous  list  of  fruits  growing  in  India  at  that  time,  indigenous  and  introduced 
including  23  specks  Zizyphus,  6  of  Man  gif  era,  37  of  Eugenia,  23  of  Crewuu  and 
55  of  Ficus ,  not  all  edible,  of  course.  Strangely  enough,  he  says  that  the  date, 
Phoenix  dactylifera,  was  not  known  to  succeed  anywhere  in  India. 


It  would  be  difficult  to  estimate  the  effects  of  the  Agri-Horticultural  Society 
and  its  branches  and  kindred  societies.  These  grew  out  of  an  interest  in  gardening 
which  perhaps  no  longer  exists  to  the  same  extent  (the  branch  in  Allahabad  in  1841 
had  CO  members,  half  of  them  European),  and  in  turn  increased  that  interest. 
Between  1837  and  1841,  eight  volumes  of  the  Transactions  of  the  Society  were 
published.  Then  Proceedings  were  published  monthly  from  January  1841  to  June 
1842,  and  the  Journal  from  1842  until  1920,  when  it  had  to  he  discontinued  through 
lack  of  support.  The  first  volume  of  the  Transactions  contains  a  note  written  in  1820 
by  Robert  Tytler,  M.  D.,  of  Allahabad,  describing  the  agriculture  of  the  district, 
and  stating  that  he  had  the  following  fruits  growing  in  his  garden:  lemons,  limes, 
the’  orange,  citron,  pomegranate,  pumplemuss  (pummelo),  figs,  litchis,  '  guavas, 
peaches,  apples,  vines,  custard  apples,  papayas,  plantains,  jaman,  jujubes  and  man¬ 
goes.  The  chief  orchards  of  the  district  were  said  to  be  mango  and  jaman.  The 
famous  guava  orchards  seem  to  have  been  planted  later. 


Two  works  of  distinct  horticultural  interest  were  published  in  1839:  one  by- 
Graham  lists  only  plants  growing  in  Bombay,  including  several  such  as  the  durian, 
avocado,  and  cherimoya,  recently  introduced  hv  a  Mr.  Nimmo,  which  may  not  have 
become  established.  The  other,  by  Royle  covers  a  wider  territory  than  that  indi¬ 
cated  by  the  title,  the  Himalayas.  Other  works  containing  interesting  lists  of  fruit 
tiees  are  those  of  Drury  (1858)  and  of  ^  att  (1889,  1908).  The  latter  deals  with  the 
history  and  distribution  of  a  large  number  of  fruits  as  well  as*  with  the  industrial, 
medicinal,  and  food  value  of  the  various,  parts  of  many  plants. 

Tlie  interest  in  gardening  shown  hy  both  Europeans  and  educated  Indians  in 
the  19th  century  led  to  the  production  of  a  number  of  books  on  the  subject,  written 
for  Indian  conditions,  some  of  which  have  been  revised  and  are  still  used.  Most 
of  these  are  intended  for  the  amateur  gardener,  and  devote  most  of  their  pages  to  the 
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{lowers  and  ornamentals,  with  a  shorter  section  on  vegetables,  and  still  less  space  for 
fruits. 

■  i 

One  oi  the  earliest  of  these  manuals  was  the  Indian  Handbook  of  Gardening, 
by  Speede,  first  published  in  1842,  and  revised  a  few  years  later  as  the  New  Indian 
Gardener,  It  is  typical  in  that  it  deals  with  flowers,  vegetables  and  fruits,  but  at 
least  a  little  is  said  of  each  of  57  kinds  of  fruit.  This  list  is  of  some  interest  as  show¬ 
ing  the  fruits  which  were,  considered  of  importance  at  that  time,  and  the  nomencla¬ 
ture  used.  The  fruits  are  the  peach,  apricot  (rare),  almond,  Terminalia  catappa , 
plum,  native  plum  (jujube),  cherry,  Java  plum  ( jamun ),  olive  ( Olca  dioica,  said  to 
be  indigenous  in  Eastern  Bengal),  native  olive  ( Elaeocarpus  surutus),  mango,  hog- 
plum,  apple,  pear,  quince,  loquat,  Malay  apple  ( Eugenia  alba),  leeched,  longan, 
wampee,  mangosteen  (very  rare),  custard  apple,  bullock’s  heart,  sour  sop,  avocado, 
jack,  guava,  pomegranate,  carambola,  pierardia  ( lutkoo  or  lutha,  Pierardia  sapida ), 
jasmine  flowered  carissa  (karanda),  paneola  plum  ( Eugenia  puniola),  Indian  star 
apple  ( Chrysophyllum  acuminatum.) ,  papaw,  orange  (chiefly  in  the  eastern  parts  of 
India),  citron,  lemon,  lime,  fig,  plantain,  pineapple,;  grape,  grewia  (phalsa),  mul¬ 
berry,  raspberry,  strawberry,  winter  cherry  (cape  gooseberry),  the  nut  ( Corylus 
avel/ana) ,  walnut,  musk  melon,  watermelon,  coconut,  Borassus  {tar),  elephant  or 
wood  apple,  Bengal  quince  (bael) ,  tamarind,  and  Indian  sorrel.  It  will  be  noted 
that  some  of  these  have  never  become  of  much  importance,  while  certain  important 
fruits  such  as  the  date  and  the  pummelo  are  omitted. 


Probably  the  most  popular  book  on  gardening  in  India  for  more  than  three- 
fourths  of  a  century  has  been  Firminger’s  Manual.  Thomas  A.  C.  Finninger  came 
to  India  as  chaplain  under  the  East  India  Company  in  1846.  and  after  a  few  months 
in  Saugor,  was  stationed  in  Ferozepore  for  about  seven  years.  After  an  extended 
furlough  he  spent  six  years  in  Bengal,  during  which  he  completed  the  first  edition 

of  his  book,  based  on  his  experience  in  the  Punjab  and  Bengal,  and  on  extensive 

travels  in  northern  India  and  a  period  at  Ootacamund.  The  first  edition  bore  the 
title,  A  Manual  of  Gardening  for  Bengal  and  Upper  India,  and  was  printed  in 
London  in  1864,  although,  according  to  his  son,  Firminger  saw  the  book  through  the 
press  before  leaving  India  in  1863.  The  book  has  been  revised  several  times  twice 
by  the  author,  and  later  by  three  other  men.  As  Firminger’s  Manual  of  Gardening 
for  India,  revised  and  edited  by  Dr.  William  Burns,  it  retains  its  popularity,  and 

preserves  much  of  Firminger’s  material. 

Other  books  on  gardening  followed.  Indian  Gardening,  by  Pogson,  was  pub- 
lislied  in  1372,  and  deals  with  ranch  the  same  list  of  fruits  as  did  Sjieade,  but  m 
somewhat  more  detail.  C.  M.  Woodrow,  of  the  Ganeshkhmd  gardens  in  Poona, 
published  a  modest  book  in  1876,  Hints  on  Gardening  in  India,  which  went 
several  editions,  and  later  appeared  under  the  title.  Gardening  in  >e  P  • 
Woodrow’s  small  work  on  The  Mango,  published  in  1904,  is  also  well  known.  e 
first  edition  of  Riddell’s  Manual  of  Gardening  for  Western  and  Southern  “  *a  " 
have  been  published  by  this  time,  as  the  5th  edition  came  out  in  look.  Later  b  , 
revised  editions  of  which  are  still  current,  are  the  Indian  Amateur  Cardener,  by 
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‘Landolicus’, , which  had  reached  Us  3rd  edition  hy  1902,  and  .he  Amateur  in  an 
Indian  Garden,  by  Lancaster,  which  appeared  about  1929.  * 

Probably  the  most  significant  horticultural  book  written  in  n  m  is 
vated  Oranges  and  Lemons,  elc.  of  India  and  Ceylon,  with  Researches  into  Their 
Orimn  and. the  Derivation  of  Their  Names,  and  Other  Useful  Information,  by  E. 
Bonavia,'  M.  D.,  Brigade  Surgeon,  Indian  Medical  Service.  This  work  census  o 
two  volumes,  a  text  of  3651  pages*  and  259  plates  and  was  published  by  V .  . 

Allen  and  Co.  in  London,  in  1890.  It  represents  a  great  deal  of  effort,  including 
keen  observation  in  many  parts  of  India,  and  the  collection  of  specimens,  and  of 
information,  from  other  parts.  While  stationed  in  Lucknow  about  1870  Dr.  Bonavia 
found  time  to  act  as  superintendent  of  the  Government  Gardens,  and  he  may  havp 
acted  in  a  similar  capacity  elsewhere.  While  he  did  not  have  much  of  the  informa¬ 
tion  which  is  available  today  about  the  history  and  classification  of  the  citrus  fruits 
(inadequate  as  that  is!)  and  while  few  would  now  agree  with  some  of  his 
theories,  his  work  is  still  of  value  for  its  contents,  as  well  as  historically.  It  is,  per¬ 
haps,  more  highly  appreciated  in  other  countries  than  in  India.  Unfortunately,  it  has 


long  been  out, of  print. 

Less  well  known,  because  of  its  smaller  intrinsic  value,  and  because  it  deals 
with  a  fruit  restricted  to  a  smaller  area  of  the  earth,  is  an  earlier  book  by  the  same 
author,  The  Future  of  the  Date  Palm  in  India  ( Phoenix  dactylifera) .  This  was 
published  by  Thacker,  Spink  and  Co.  in  Calcutta  in  1885,  and  grew  out  of  the  enthusi¬ 
asm  engendered  when  Dr.  Bonavia  found  fresh  dates  in  the  market  in  Lucknow.  This 
led  to  experiments,  and  the  introduction  of  a  number  of  good  off-shoots  into  various 
parts  of  Oudh.  The  failure  of  others  to  catch  his  enthusiasm  seems  to  have  been  due 
in  part  to  his  being  ahead  of  the  times,  and  partly  to  the  unsound  nature  of  some  of 
his  proposals.  The  modern  development  of  the  date  industry  in  this  country  ivas 
fathered  by  Mr.  Milne,  who  began  work  in  1909,  and  whose  book  on  The  Date  Palm 
and  its  Cultivation  in  the  Punjab  grew  out  of  a  circular  letter,  revised  in  1913  and 
again  in  1918.  It  was  published  by  Thacker,  Spink  and  Co.  for  the  Government  of 
the  Punjab. 


It  will  be  noted  that  practically  all  of  these  Indian  publications  have  been 
written  for  the  amateur  rather  than  the  commercial  grower.  This  is  natural  in  a 
country  where  the  production  of  fruit  for  the  market  has  been  almost  entirely  in  the 
hands  of  illiterate  cultivators.  A  good  deal  of  material  of  value  to  both  the  amateur 
and  the  professional  has  been  issued  from  time  to  time  in  the  bulletins  of  the  various 
departments  of  agriculture,  and  in  the  agricultural  journals  of  the  country.  Among 
these,  Indian  Farming,  a  popular  magazine,  and  the  Indian  Journal  of  Agricultural 
Science,  more  technical,  both  issued  by  the  Indian  Council  of  Agricultural  Research, 
are  of  importance.  Had  horticulture  occupied  a  more  prominent  place  in  the  re¬ 
search  programmes,  both  the  quantity  and  the  quality  of  these  publications  would 
doubtless  have  been  improved.  Many  of  these  bulletins  have  been  published  in  the 
various  Indian  languages  also,  and  there  have  been  some  books  on  gardening  publish- 
ed  in  these  languages  also,  buf  none  of  much  prominence.  An  example  is  Kitabul 
Asmar  (The  Book  of  Fruits)  by  Nawab  Syed  Imdad,  a  rah  of  Patna,  published  in 
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I';:';"  tCadC  °f  thef  19lh  rtUry  by  “,e  Paisa  Akhb«  Lahore.  Apparently 
in  11  "as  laken  from  the  gardening  manuals  in  English. 

Of  Hor^r'  t,Prr  ll  gr0wers  in  this  ““''X  is  the  Indian  Journal 
ol  Horticulture,  pubhshetf  hy  the  Horticultural  Society  of  India  which  was  founded 

.Many  journals  on  fruit  growing  are  published  in  other  English-speaking 
T  f8’  c0lUaminS  articles  of  interest  to  the  Indian  horticulturist.  Tine 

,  ,nia  °  01110  ^  lke  or8an  °f  the  horticultural  research  stations  at  Lon" 

Ashton  and  East  Mailing  in  England.  It  appears  four  times  a  year,  and  contains 
articles  of  scientific  interest,  hut  deals  almost  entirely  with  temperate  crops.  Horti¬ 
cultural  Abstracts,  issuled  quarterly  by  the  Imperial  Bureau  of  Horticulture  and 
Plantation  Crops  is  extremely  valuable  as  it  gives  brief  abstracts  of  articles  published 
all  over  the  world,  not  only  in  English  but  in  other  languages.  Many  horticultural 
societies  issue  publications,  among  the  most  valuable  to  the  Indian  fruit  grower  being 
ihe  Proceedings  ol  the  American  Society  for  Horticultural  Science,  as  it  deals  with 
subtropical  as  well  as  temperate  crops. 


Sources  of  Indian  Fruits 

l  rom  the  references  to  different  fruits  in  the  writings  of  various  authors,  it 
appears  that  those  now  grown  may  be  classified  in  three  groups  :  those  indigenous, 
those  introduced  from  other  parts  of  Asia  and  Europe  before  the  great  age  of  explo¬ 
ration  which  started  late  in  the  15th  century,  and  those  introduced  later.  This  does 
not  mean  that  it  is  easy  to  assign  each  fruit  to  one  of  these  groups  with  any  confidence. 
In  many  cases  our  present  knowledge  allows  only  a  tentative  classification. 

The  list  of  important  fruits  indigenous  to  this  country  is  surprisingly  small. 
The  mango  may  belong  here,  and  the  jackfruit  probably  does.  Very  likely  certain 
of  the.  types  of  citrus  fruits  are  Indian,  but  there  is  so  much  confusion  about  the 
genus  that  it  is  questionable  whether  any  of  the  important  species  is  native.  It  has 
been  thought  by  many  that  the  lemon  is,  and  the  sweet  and  sour  orange,  citron,  and 
lime  may  be.  The  banana  originated  in  southern  Asia,  and  possibly  in  India,  but 
probably  further  east.  Some  types  of  figs  and  grapes  seem  to  have  been  indigenous, 
and  used  in  very  ancient  times,  but  the  commercial  varieties  appear  to  be  foreign,  or 
possibly1  in  some  cases,  hybrids  of  indigenous  and  foreign  types.  Fruits  of  less  im¬ 
portance  which  seem  to  be  Indian  include  the  tarmarind,  the  wood  apple,  the  Indian 
jujube,  the  bael,  the  aonla,  and  the  phalsa.  The  date  may  be  a  native  of  Pakistan 
as  it  is  believed  to  have  originated  along  the  Persian  Gulf,  but  probably  not  as  far 
south-east  as  Sind. 

All  of  the  fruits  mentioned  as  possible  natives  of  India  fall  into  the  second 
"roup  if  not  into  the  first.  The  relation  between  India  and  the  countries  to  the  north¬ 
west  goes  back  far  beyond  the  dawn  of  history.  Not  only  tore  there  repeated  mi¬ 
grations  of  people  into  this  country,  but  there  must  have  been  considerable  commerce 
between  ancient  centres  of  civilization  in  Iraq  and  Sind.  Intercourse  with  China 
was  more  difficult,  but  there  were  routes  across  the  mountains  which  were  used  in 
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very  early  times,  later  supplemented  by  the  sea  route.  Yuan  Chwang,  whose  visit 
lo  India  in  the  seventh  century  has  been  noted,  probably  came  by  the  long  overlanc 
route,  through  Kashmir,  and  returned  by  sea.  Before  the  end  of  the  13th  century 
there  seem  to  have  been  trading  expeditions  passing  regularly  between  the  ports  ol 
southern  China  and  India.  Relations  with  Burma,  Malaya,  Thailand  and  Indo-China 
also  go  back  to  very  early  times.  Thus  we  find  the  date  entering  Pakistan  (if  it  did 
not  originate  there)  before  the  dawn  of  history,  and  the  peach  and  pear,  and 
perhaps  other  deciduous  fruits,  from  Europe  or  western  Asia  somewhat  latei. 
The  mango  and  banana  may  have  come  into  India  from  the  east  in  prehistoric 
days,  and  some  of  the  citrus  fruits  either  overland  or  by  sea  from  China  long  be¬ 
fore  the  15th  century. 

With  the  great  impetus  to  travel  and  exploration  which  came  with  the  dis¬ 
covery  by  Columbus  of  America,  there  began  an  exchange  of  plants  from  which 
India,  as  well  as  the  rest  of  the  world,  has  greatly  benefited.  Not  only  was  the 
wealth  of  tropical  America  available  for  the  first  time,  but  more  introductions 
were  made  from  China  and  Europe.  It  has  been  seen  how  remarkably  soon  after 
the  discovery  of  America  the  pineapple,  custard  apple  and  guava  were  introduced 
into  India.  Other  fruits  which  had  been  established  by  the  middle  of  the  18th 
century  included  the  apple,  plum,  cashew,  papaya,  and  pummelo.  Later  addi¬ 
tions  have  brought  to  Indian  horticulture  such  fruits  as  the  apricot,  cherry,  quince, 
and  strawberry  from  Europe,  the  loquat  from  the  Far  East,  and  the  sapodilla  and 
avocado  from  America.  The  process  is  not  complete.  The  grapefruit  is  one  of 
the  more  recent  immigrants  to  find  a  place  in  our  orchards,  and  there  are  still 
many  tropical  and  subtropical  fruits  in  other  countries  which  have  not  yet  had  an 
adequate  trial  here.  For  instance,  Joshi  (1946)  has  suggested  the  probability  that 
the  tropical  American  palm,  Badris  utilis  known  in  Costa  Rica  as  the  pejibaye, 
•  would  succeed  in  India.  It  seems  especially  suitable  to  the  moist  tropical  areas 
of  South  India  and  Assam.  The  slender  palm  bears  five  or  six  racemes  weigh¬ 
ing  about  25  lbs.  each  of  fruits  one  to  two  inches  long.  The  dry  mealy  flesh  is 
said  to  resemble  the  chestnut  and  to  contain  about  27%  ,  starch,  4%  sugar,  and 
5.8%  fat.  It  is  eaten  after  boiling  in  salt  water. ,  Nor  has  the  traffic  been  exclu¬ 
sively  in  one\  direction.  Choice  varieties  of  the  mango  have  gone  from  India  to 
enrich  other  lands,  along  with  the  banana  and  other  fruits  of  southern  Asia.  That 
there  are  yet  fruits  in  India  which  may  profitably  be  introduced  to  other  lands 
is  probable.  The  systematic  introduction,  acclimatization,  and  testing  of  new 
fruits  has  bed  earned  out  in  only  a  few  countries,  but  may  yet  prove  of  threat 
value  to  India.  c 


h«‘°T  °f  horticultural  practices  is  much  more  difficult  to  trace  than 
that  ol  the  fruits.  Some  evidence  has  been  presented  that  methods  of  vegetative  re¬ 
production  were  known  in  India  thousands  of  years  ago,  hut  for  the  mo*  part  this 

of  pttsSaa„TdS  l°  Tf  JWhe‘her  any,hing  «*»tir.c  control 

of  pests  and  disease  was  developed  ,n  ancient  times  is  not  known.  That  <road 

ethods  of  cultivation  and  manuring  were  used  hy  gardeners  who  understood  prop 
83  ‘on  y  C'"t,ngS  and  Sraf,!nS  seems  probable.  By  the  time  of  the  fust 
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Luropean  visitors,  the  practices  seem  not  to  have  been  such  as  would  attract  atten¬ 
tion.  At  least,  there  is  little  comment  on  the  methods  in  use.  It  has  been  claimed 
that  the  Portuguese  introduced  the  practice  of  grafting  mangoes,  which  would  indi¬ 
cate  that  Indian  gardening  had  fallen  to  a  lower  level  than  it  had  once  occupied. 
Probably  it  is  fair  to  credit  the  Portuguese  with  starting  the  revival  in  horticulture 
in  this  country.  Much  has  been  accomplished,  but  much  remains  to  be  done  to 
put  fruit  growing  on  a  scientific  basis,  even  in  thle  most  advanced  countries.  The 
history  of  pomology  in  India  is  far  from  being  finished. 


PART  II 

-  .  • 

Chapter  xiii. 

THE  MANGO 

‘The  choicest  fruit  of  Hindustan’  is  still  the  mango,  as  it  was  in  the  days  of 
the  poet  Amir  Khusrau,  who  sang  its  praises  in  the  14th  century.  Indeed,  the 
mango  has  been  a  favourite  fruit  in  India  throughout  recorded  history,  and  is  fre¬ 
quently  mentioned  in  Sanskrit  literature.  Foreigners  who  visited  India  and  left  written 
records  of  their  experience,  from  the  Chinese  pilgrims  who  travelled  here  in  the 
seventh  century,  A.D.,  down  to  modern  writers,  have  all  mentioned  this  fiuit.  The 
opinions  expressed  have  differed  somewhat,  probably  because  of  vaiiations  in  the 
fruit  tasted,  but  most  writers  have  recognized  in  the  mango  the  most  important 
fruit  of  the  country,  and  one  of  the  most  delicious  fruits  of  the  world.  The  mango 
is  largely  grown  in  almost  all  states.  In  Uttar  Pradesh  mangoes  occupy  about  a 
million  acres,  about  80%  of  the  area  devoted  to  fruit.  Bajwa  and  Thapar  (1949) 
report  about  38,000  acres  in  the  Punjab,  71.8%  of  the  area  under  fruit.  In  both 
of  these  states,  most  of  the  trees  are  seedling  and  are  often  neglected  and  largely 
unproductive.  In  Madras,  according  to  Naik  (1949),  there  are  roughly  250,000 
acres  of  mangoes,  about  half  of  the  total  area  under  fruit.  The  estimate  of  Rao 
(1946)  of  1,189,000  acres  of  mangoes  in  undivided  India,  yielding  5,930,000  tons 
of  fruit  a  year,  is  obviously  too  low  if  all  the  seedling  groves  are  to  be  included. 

While  India  would  be  proud  to  claim  the  mango  as  an  indigenous  tree, 
it  is  not  certain  that  this  claim  would  be  justified.  Nor  could  it  be  definitely  de¬ 
nied.  DeCondole  believed  that  the  mango  had  been  cultivated  for  at  least  4,000 
years.  The  mango  is  found  growing  wild  in  many  parts  of  the  country,  but  in 
most  if  not  all,  it  has  doubtless  escaped  from  cultivation.  Early  writers  mention 
wild  mangoes  in  Ceylon,  and  there  is  a  legend  that  it  was  brought  from  that  island 
to  India  by  Hanuman.  The  importance  of  the  legend  may  lie  in  its  indication 
that  the  mango  was  regarded  as  an  introduced  fruit,  but  this  is  by  no  means  con¬ 
vincing.  Mukheijee  (1950  B)  presents  evidence  that  the  genus  Mangifera  originat- 
ed  in  the  area  of  Burma,  Siam,  and  Indo-China,  or  in  the  Malay  Peninsula,  but 
that  the  mango  itself  probably  caipe  from, the  region  of  Assam  and  Burma.  He 
points  out  that  most  of  the  species  closely  allied  to  M.  indica  occur  in  that  re-ion 
that  truly  wild  mangoes  have  not  been  found  in  Malaya,  but  do  occur  in  Assam 
and  the  Chittagong  Hills,  that  good  cultivated  varieties  of  the  mango  do  not  occur 
in  Malaya,  and  that  local  names  also ,  support  this  theory.  Perhaps  as  accu- 

”  S,atemenr  M  T  he  made  iS  t,lat  °f  Po|,en°e  (1920>  "ho  s,lms  »P  as  follows- 
I.  seems  probable  that  its  native  home  is  to  be  sough,  in  eastern  India,  Assmn 

Burma,  or  possibly  farther  in  the  Malayan  region’ 


can 


Even  though  the  mango  may  have  come  into  India  from  farther  east  there 
e  no  doubt  that  its  greatest  development  has  been  in  this  country  It  w  s  grown 
hern  for  many  centuries  before  there  is  any  record  of  it  in  Cher  JuntZT  l 
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generally  held  that  vegetative  propagation  was  introduced  by  the  Portuguese  in  Goa, 
though  some  claim  that  inarching  had  been  practised  for  centuries  before  the 
coming,  of  Euiopeans.  In  either  case,  superior  varieties  were  first  produced  in  India, 
and  from  there  they  have  spread  around  the  world.  Akbar  was  so'  fond  of  man- 
goes  that  he  had  the  Lakh  Bagh,  supposed  to  contain  100,000'  trees,  planted  near 
Darbhanga.  English  visitors  reported  some  of  the  original  trees  still  alive  three 
hundred  \eais  later.  The  mango  spread  all  over  India  at  a  very  early  date.  It  was 
found  in  the  Indus  valley  when  the  army  of  Alexander  the  Great  invaded  it  in  327 
B.C.  It  was  not  until  many  centuries  later  that  it  was  taken  to  other  countries.  The 
historical  record  is  not  complete.  By  the  16th  century  it  seems  to  have  been 
growing  around  the  head  of  the  Persian  Gulf.  According  to  Burns  and  Prayag 
(1920)  mangoes  were  growing  in  Somaliland,  on  the  coast  of  Africa,  in  1331  ; 
\emen  in  the  later  18th  century  ;  the  Canaries  in  the  19th  century;  the  Azores  in 
1865;  Hawaii  in  1865;  the  Philippines  after  1600;  the  Moluccas  in  1665;  southern 
Italy  in  1905;  Queensland  in  about  1870;  Florida  in  1861  or  1862;  and  California 
in  the  period  1880-85.  The  same  authors  state  that  mangoes  were  grown  in  Eng¬ 
land,  under  glass  as  early  as  1690,  and  actually  fruited  in  Kew  gardens  in  1818. 
Pope  (1929)  accepts  an  earlier  date  for  the  introduction  of  the  mango  into  Hawaii, 
probably  between  1800  and  1820.  He  believes  that  they  were  taken  by  Spanish  trad¬ 
ers  from  the  Philippines  to  Mexico  before  1778,  and  by  the  Portuguese  to  Bra¬ 
zil  in  the  18th  century,  and  thence  to  the  West  Indies.  Thrum  is  quoted  by 
Miller  and  Bazore  (1945)  as  stating  that  the  first  mango  trees  were  imported  into 
Hawaii  from  Manila  in  1824.  Mukherjee  (1948)  states  tha^t  the  mango  was 
taken  from  Brazil  to  Barbados,  in  the  West  Indies,  in  about  1742,  and  that  the 
first  introduction  into  Florida  was  from  Mexico  in  1833.  The  introduction  of 
grafted  Indian  varieties  into  Florida  was  first  attempted  in  1885  and  successful 
in  1888. 

The  mango  is  now  an  important  fruit  throughout  the  tropics  and  into  the 
milder  subtropical  regions.  From  India  eastward  to  southern  China,  and  south 
through  the  Malay  Archipelago  to  the  warmer  parts  of  Australia,  it  is  commonly 
grown.  It  is  one  of  the  most  important  fruits  of  Java,  and  the  third  most  impor¬ 
tant,  according  to  Wester  (1925),  in  the  Philippine  Islands.  It  succeeds  well  in  Ha¬ 
waii  and  other  Pacific  Islands.  It  has  long  been  grown  in  the  West  Indies,  and  to 
a  limited  extent  in  Florida.  It  has  not  been  very  successfully  introduced  into 
California  or  the  Mediterranean  region.  It  grows  well  in  Madagascar,  and  along 
the  coast  of  tropical  Africa.  Oppenheimer  (1947)  •  states  that  it  is  commonly  grown  in 
Egypt  and  will  be  in  Palestine  in  the  not  distant  future.  Some  of  the  better  In¬ 
dian  varieties  have  been  introduced  into  many  of  these  regions,  but  local  varieties 
of  excellent  quality  have  also  been  developed.  Few  of  these  countries  have  ac¬ 
curate  agricultural  statistics,  so  it  is  impossible  to  give  the  acreage  of  mangoes  in 
the  world,  or  to  state  how  the  mango  compares  in  importance  with  such  fruits  as 
the  apple  in  temperate  regions,  the  subtropical  grape,  olive,  and  orange,  or  the 
tropical  banana.  If  the  truth  were  known,  the  mango  would  probably  come  in  the 
same  class  as  these,  as  the  most  widely  grown  fruits  in  the  world. 
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India  has  also  given  the  world  the  most  common  names  for  this  fruit.  The 
EngKsh  name  mango,  and  similar  names  in  other  European  languages come  from 
the  Tamil,  mankay  or  man gay.  Like  a  number  of  other  Indian  words  tt  anm  nUo 
English  through  the  Portuguese.  There  is  some  doubt  as  to  «he  h  ^ 
came  originally  from  the  Malayan,  or  travelled  east  from  India,  but  > 

ZZ: or  mJgga  is  common  in  Malaya  and  Java.  The.Chinese  man^mo  seem 
to  have  the  same  derivation.  The  names  used  in  northern  India,  such  as  am, 
from  the  Sanskrit. 

Botanically,  the  mango  is  generally  considered  as  one  species,  1  angifera 
indica  L.,  but  it  is  likely  that  other  species  have  contributed  to  at  least  some  culti¬ 
vated  varieties.  While  the  mango  is  by  far  the  best  of  the  genus,  several  ot  the 
41  species  are  valued  for  their  fruits,  especially  in  Malaya.  Charaka  mentions  a 
fruit  which  Chandra  identifies  as  M.  sylvatica ,  a  species  Roxburgh  (1824)  men¬ 
tions  as  growing  wild  near  Sylhet,  but  which  differs  only  slightly  from  M.  indica. 
Mukherjee  (1950  A)  describes  this  species  from  Assam  and  the  Chittagong  Hill 
Tracts,  and  mentions  another  species,  M.  khasiana,  supposed  to  occur  in  Assam, 
but  not  recently  found  there.  Berwick  (1940)  says  that  at  least  eight  species  are 
grown  in  the  villages  of  Malaya  in  addition  to  the  common  mango:  pentandra,  odo- 
rata,  foetida,  longipetiolata ,  maingayi ,  quadrifida,  and  caesia.  He  describes  one 
variety  each  of  M.  pentandra  and  M.  odorata.  Ochse  (1931)  describes  A/. 
caesia,  M.  foetida,  and  M.  odorata  as  cultivated  fruits  in  Java,  and  Wester  (1925), 
includes  these  and  the  uncultivated  M.  altissima  among  the  food  plants  of  the 
Philippines.  Other  species  with  more-or-less  edible  fruits,  according  to  Mukher¬ 
jee  (1949)  are  M.  cochinchinensis,  M.  oblongi  folia,  M.  zeylanica,  M.  la  gen- 
ifera,  M.  kemangra,  and  M.  reba.  He  points  out  the  possibility  of  selecting  better 
types  of  some  of  these  species,  especially  for  growing  in  areas  where  the  mango  does 
not  do  well.  Hybridization  between  the  species  also  presents  an  interesting  line 
of  development.  In  all  of  the  varieties  of  the  mango  he  studied  and  in  M.  syl¬ 
vatica  and  M.  coloneura,  he  found  the  same  chromosome  number,  n=20.  Most  species 
of  Mangifera  have  more  or  less  of  the  ‘turpentine’  flavour  common  to  the  poorest 
mangoes. 


The  family  Anacardiaceae,  to  which  the  mango  belongs,  contains  a  number  of 
plants  of  horticultural  interest,  as  well  as  some  which  are  poisonous  to  the  touch. 
The  most  important  of  these  is  the  cashew,  Anacardium  occidental,  which  is  dealt 
with  later.  Several  species  of  Spondias,  including  the  hog  plum,  amra,  S.  man¬ 
gifera,  yield  edible  fruits,  soipe  of  which  are  grown  occasionally  in  India.  The 
small  nut,  chiraunji,  Buchanania  latifolia,  is  another  tree  of  slight  importance  in 
Indian  horticulture.  The  pistacio,  Pistacia  vera,  is  a  nut  of  greater  importance, 
but  is  not  grown  in  India,  except  to  a  very  limited  extent  in  Kashmir,  being  im¬ 
ported  from  Afghanistan.  Of  the  ornamental  trees  of  this  family  the  most  impor¬ 
tant  is  the  pepper-tree,  Schinus  molle,  which  is  common  in  Bangalore,  and  occa¬ 
sionally  found  in  other  parts  of  India. 


The  mango  is  too  well  known  to  require  any  complete  description,  but  there 
are  several  pornts  which  should  be  kept  in  mind.  One  is  that  the  mango  is  one  of 
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the  largest  of  fruit  trees,  and  when  planted  singly  is  normally  spreading,  sometimes 
with  a  spread  of  more  than  100  feet,  in  the  case  of  seedling  trees.  Such  trees  are 
commonly  belie\ed  to  be  more  than  100  years  of  age,  though  accurate  records  are 
seldom  available.  Randhawa  (1949)  mentions  a  number  of  very  large  trees  on 
unusually  fertile  soil  in  a  village  in  Ambala  district.  One  of  these,  named  Chhap- 
par,  had  a  trunk  with  a  circumference  of  32  feet  and  nine  branches,  close  to  the 
ground,  of' from  5  to  12  feet  in  circumference,  and  70  to  80  feet  long.  The 
total  area  occupied  by  the  branches  was  2,700  square  yards,  equivalent  to  a  circle 
with  a  diameter  of  about  175  feet.  The  average  yield  was  said  to  be  450  maunds. 
Grafted  trees  are  probably  somewhat  smaller  and  shorter  lived.  The  growth  habit 
of  the  mango  is  also  of  importance.  The  tree  is  evergreen,  but  grows  in  several 
periods  during  the  year,  known  as  flushes.  While  there  is  a  tendency  for  flushes 
to  take  place  at  certain  seasons  of  the  year,  such  as  early  spring,  not  all  trees  grow 
at  the  same  time.  In  fact,  part  of  a  tree  may  be  covered  with  beautiful  red  or 
coppery  or  pale  green  new  leaves  while  other  branches  have  only  the  dark  green 
mature  leaves. 


The  flowers  are  small,  but  bornq  in  immense  panicles  which  are  generally 
terminal,  but  sometimes  axillary.  A  higher  percentage  of  leaders  flower  than  of 
lateral  shoots,  but  because  of  their  abundance  the  laterals  are  also  important  in  pro¬ 
ducing  the  crop.  Reece  and  others  (1946)  report  that  if  the  terminal  bud  is  re¬ 
moved  during  the  flowering  period  inflorescences  are  produced  from  the  lateral 
buds,  and  that  if  the  decapitated  shoot  is  girdled  below  some  leaves,  floral  induc¬ 
tion  takes  place  in  axillary  buds  within  four  days.  Bijhouwer  (1937),  working 
with  the  Alphonso  and  seven  varieties  of  Java,  found  the  number  of  flowers  to  the 
inflorescence  to  vary- from  788  to  9,020.  In  the  Alphonso,  from  6  to  11%  of  the 
flowers  were  perfect,  the  rest  being  staminate.  The  percentage  in  the  other 
varieties  was  higher,  up  to  55%.  Of  the  perfect  flowers,  99%  failed  to  set  fruit 
which  stayed  on  the  tree  more  than  a  month.  It  has  also  been  reported  from 
Bombay  that  90%  or  more  of  the  flowers  are  staminate,  and  that  of  the  perfect 
flowers,  about  50%  are  not  pollinated  and  49%  drop  off  because  of  some  physiolog¬ 
ical  disturbance.  In  both  cases,  this  leaves  about  one-tenth  of  one  per  cent  of 
the  flowers  maturing  fruits  under  favourable  conditions,  but  this  is  sufficient  to 
yield  an  average  crop  of  about  200  fruits  per  tree.  Musahib-ud-din  (1946  B) 
studied  two  varieties  and  four  seedling  trees  in  the  Punjab  and  found  the  number 
of  flowers  per  inflorescence  to  be  885  in  the  Langra,  324  in  Aman  Duse  ri  an 
from  470  to  1598  in  the  seedlings.  Only  about  two  thirds  of  the  buds  ever  opened, 
and  of  those  that  did  the  percentage  of  perfect  flowers  in  Aman  Dusehr.  was  779 
in  Langra,  66.8;  and  in  the  seedlings  from  8.9  to  36.7.  There  were  fewer  perfect 
flowers  on  the  mixed  than  on  the  pure  inflorescences.  There  were  more  flowers, 
and  more  perfect  flowers  on  the  basal  and  middle  thirds  of  the  nflorecence  although 
the  proportion  of  perfect  flowers  was  higher  in  the  terminal  third,  and  most  o 
the  fruit  was  borne  there,  perhaps  because .  there  was  more  viable  pollen  late  m 
the  season  when  these  flowers  opened.  The  setting  was  poor  the  case  of  Aman 
Dusehri  with  120  mature  fruits  per  100  inflorescences,  and  espec.ally  m  the  case 
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of  the  Langra,  with  only  38.  Sen  and  others  (1946)  report  about  half  as  many 
mature  fruits  as  panicles.  Work  at  Kodur  indicates  that  there  »  a  high  postUve 
correlation  between  the  percentage  of  perfect  flowers  and  the  number  of  .fruits  p 
panicle  carried  to  maturity,  and  that  a  low  ratio  of  style  length  to  stamen  length  is 
favourable  to  fruit  set.  Ordinarily  two  or  three  fruits  to  a  panicle  result  in  a 

satisfactory  crop. 


The  flowers  are  visited  by  many  insects,  especially  flies  belong¬ 
ing  to  the  genera  Psychonosma  and  Pyrellia,  according  to  Burns  and  Prayag 
(1920).  These  authors  also  point  out  that  the  flowers  are  protogynous,  but  that 
sometimes  the  stigma  and  anther  are  very  close  together  or  touching,  and  that  bag¬ 
ged  flowers,  from  which  insects  are  excluded,  often  set  fruit.  Bijhouwer  also 
found  some  varieties  able  to  set  fruit  in  spite  of  bagging.  However,  he  found 
that  the  commercially  important  varieties  were  all  more  attractive  to  bees  than 
some  other  varieties.  Mukherjee  (1949)  observed  that  under  field  conditions  in 
Bengal  only  about  one  third  of  the  perfect  flowers  were  pollinated.  Cross  polli¬ 
nation  seems  necessary  in  order  to  get  good  crops,  at  least  in  the  case  of  certain 
varieties.  Ruehle  and  Lynch  (1948)  report  that  the  Haden  variety,  which  makes 
up  fully  90%  of  the  plantings  of  named  varieties  in  Florida,  fails  to  bear  well 
when  planted  as  solitary  trees  or  in  solid  blocks.  The  presence  of  other  varieties 
was  helpful,  and  grafted  trees  of  the  Saigon  race  were  more  effective  pollinizers 
than  those  of  the  Sundersha  or  Mulgoba  groups.  They  consider  that  it  is  prob¬ 
ably  necessary  that  a  fourth  to  a  half  of  the  trees  be  of  a  favourable  type  in  order 
for  the  influence  to  be  marked.  At  the  Fruit  Research  Station  at  Kodur  in  Madras 
state,, it  was  also  found  that  in  cross  pollination  certain  combinations  of  male  and 
female  parents  were  more  effective  than  others.  Thus  it.  was  found  that  with 
Neelum  as  the  female  variety,  the  percentage  of  perfect  flowers  setting  fruit  with 
pollen  from  three  males  varied  from  51.0  to  93.6;  with  Bangalora  and  five  males, 
from  65.2  to  79.9;  with  Chinnasuvernarekha  and  three  males,  from  50.0  to  66.9; 
and  with  others  similar  ranges.  The  possibility  of  increasing  the  set  with  hormone 

sprays  has  been  suggested  by  Venkataratnam  (1949)  whose  experiments  were  men- 
tioned  in  chapter  8. 


Climatic  and  Soil  Requirements 


The  mango  is  remarkably, tolerant  of  soil  and  climatic  conditions.  It  grows 
from  the  southernmost  part  of  India  to  the  Punjab  and  from  Assam, to  the  borders 
of  the  western  desert;  from  sea  level  to  5,000  fee,  above  the  sea  in  the  Himalayas 
ourishes  best  where  there  is  enough  rain  to  wet  the  soil  to  a  considerable  denth 
but  Where  there  is  also  a  well-marked  dry  season  and  where  there  is  .Me  if  an 

season  is  pmicl  1^™,  3"d  from  *«■«.  during  the  flowering’ 

‘»e  fear,  ** 

avenue  of  mango  trees  in  Rio  de  Janeiro,-  more  than  loo'vear  7  ‘  .  eaUlifuI 

have  produced  any  mature  fruit  Even  in  T?  ,  °  5  d’  never  kno"’n  to 

does  in  sections  of  the  country  hartT  ^  ^  d°eS  th™e  as  it 

country  having  a  more  pronounced  dry  Season.  Berwick 
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(1940)  believes  that  while  the  better  varieties  are  uncertain  producers  in  Malaya, 
where  they  are  grown  mostly  on  the  bunds  between  rice  fields,  the  periodic  flooding 
and  draining  of  the  rice  fields  takes  the  place  of  a  dry  season  in  checking  growth 
and  inducing  fruitfulness.  He  reports  two  crops  a  year,  one  in  May  and  June 
and  one  from  the  middle  of  October  to  the  middle  of  December.  In  areas  of  heavy 
rainfall,  such  as  the  Konkan  in  Bombay,  mango  trees  may  be  grown  without  irri¬ 
gation,,  but  where  the  rainfall  is  less  than  about  80  inches  a  year,  young  trees  are- 
generally  irrigated.  Some  varieties  in  Madras  fail  to  ripen  well  where  there  is 
heavy  rainfall  at  the  ripening  season. 

The  susceptibility  of  mangoes  to  frost  varies  with  the  variety,  the  age  and 
the  condition  of  the  tree.  Some  varieties  will  withstand  as  much  as  ten  degrees  of 
frost  without  damage,  while  others  are  severely  injured  by  four  or  five  degrees. 
Young  trees  are  often  protected  during  the  winter  because  they  are  easily  damaged. 
At  the  Government  Garden  in  Saharanpur  on  one  occasion  a  frost  of  8  degrees  on 
February  9th  killed  a  number  of  two-year-old  grafted  trees  which  had  been  un¬ 
covered  as  it  was  thought  the  danger  of  frost  was  past.  There  was  much  variation 
in  susceptibility  among  seedling  plants  in  the  same  orchard.  It  was  observed  that 
the  stronger  plants  were  less  damaged  than  the  weaker  ones.  If  conditions  in  the 
autumn  favour  late  growth,  frost  during  the  winter  is  likely  to  cause  more  damage. 
The  total  amount  of  heat  during  the  growing  season  is  also  of  importance  and 
may  be  the  limiting  factor  at  high  elevations.  Oppenheimer  (1947)  suggests  that 
about  1000  heat  units  is  the  minimum  requirement  for  mangoes  of  high  quality. 


The  climate  influences  the  time  of  flowering.  There  is  some  variation  from 
year  to  year,  but  greater  differences  occur  in  different  regions.  In  northern  India 
the  mango  ordinarily  flowers  in  February,  whereas  in  Bombay  it  may  flower  from 
late  November  through  January  or  occasionally  in  September.  In  Bombay  city 
it  flowers  a  month,  later  than  along  the  southern  coast  of  the  Province,  while  at  Poona 
it  is  still  later.  Ripening  is  correspondingly  varied,  thus  spreading  the  ma^etir'" 
season  over  a  long  period.  In  Cochin,  mangoes  ripen  as  early  as  February  and  March, 
according  to  Menon  (1941).  In  Madras  the  main  crop  ripens  from  May  to  Ju  y, 
but  some  off-season  fruits  ripen  from  July  to  November.  There  are  some  varieties 
which  have  no  definite  time  of  flowering,  but  bloom  more  or  less  throughout  the 

}  The  mango  may  be  found  flourishing  on  a  wide  range  of  soils.  The  deep 
alluvial  soils  of  the  Gangetic  plain  seem  to  be  well  suited.  Burns  an  rayag 
-(1920)  state  that  the  red  soils  of  Dharwar,  and  the  red  latente  soils  of  Belgaum, 
Ratnagiri  and  Goa  are  pre-eminently  suited  to  the  mango,  and  quote  Maries  in 
favour  of  the  kankar  (nodular  limestone)  soils  of  Gwalior.  They  report  a  r 
markable  instance  in  which  trees  grew  ten  feet  in  two  years  on  a  soi  ™ 

nagar  district,  which  was  underlaid  with  mumm  and  .  which  had  been 
6„;e  time.  They  recommend  that  the  soil  be  more  than  three  feet 
mum  which  is  probably'  much  too  low  for  northern  Ind.a.  Sand  and  1  y 
considered  unsuitable.  Deep  ‘black  cotton’  soil  is  also  “ns.dered  poO  ; 
presence  of  stones  may  not  harm  the  soil  for  mangoes.  Balakr.shnam 
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I  •  11032)  state  that  in  Madras  the  ideal  soil  is  a  red  loam,  fairly  deep  and 

'Z7J2S “ 

sst  xszz ' Jt=r i  r  -  - — - 

fruit  may  be  regarded  as  not  proved. 

The  varieties  of  mango,  even  in  India  alone,  are  almost  beyond  number. 
Mukheriee  (1948)  says  that  about  one  thousand  varieties  are  grown  in  India,  t  here 
ale  rnimol  of  seedling  trees,  some  of  such  excellence  that  they  have  gained  a  local 
reputation.  Many  such  trees  have  been  propagated  as  named  varieties.  Fro  y 
the  same  name  has  been  given  to  entirely  separate  varieties  in  many  cases.  On  t  e 
other  hand,  the  same  variety  may  be  known  in  different  localities  under  different 
names.  Five  hundred  varieties  are  said  to  have  been  collected  by  an  early  enthu¬ 
siast  named  Maries.  Only  when  fruit  growing  is  a  hobby  for  the  rich,  a  sort  of  a 
game  in  which'  each  variety  counts  in  the  score,  is  there  any  object  in  growing  so 
many  varieties.  Bums  and  Prayag  describe  89  varieties  which  are  grown  in 
Bombay  Province,  but  from  the  descriptions  it  is  obvious  that  many  of  these  are 
unworthy  of  a  place  in  any  orchard.  Wester  (1922)  was  interested  in  Indian 
varieties  suitable  for  planting  in  the  Philippines,  and  compiled  descriptions  of  285 
varieties.  He  was  able  to  recommend  only  a  few  of  these.  Mukherjee  (1948) 
describes  72  varieties,  mostly  from  Bengal  and  Bihar,  and  classifies  them  according 
to  fruit  shape.  Naik  and  Gangolly  (1951)  classify  and  describe  825  varieties, 
including  all  those  of  commercial  importance  grown  in  South  India. 

Van  Rheede  in  his  Hortus  Malibaricus,  published  in  1638,  is  quoted  by 
Burns  and  Prayag  as  saying,  ‘Of  these  other  fruits,  mangoes,  not  unlike  our  apples 
and  pears  are  found  in  several  types,  which  vary  greatly  according  to  the  nature  of 
the  region’.  In  the  three  hundred  years  since  he  wrote,  the  number  of  varieties 
of  apples  and  pears  grown  has  greatly  diminished,  and  as  the  mango  industry  devel¬ 
ops,  the  number  of  varieties  is  sure  to  grow  less.  Fraser  (1924)  states  that  a 
survey  of  nursery  catalogues  in  America  showed  735  supposedly  distinct  varieties 
of  apples  listed  in  1892,  while  in  1910  a  similar  study  showed  only  472.  He  goes 
on  to  express  the  opinion  that  no  one  should  plant  more  than  ten  varieties,  and 
that  three  would  probably  be  better  than  ten.  Much  the  same  advice  should  prob¬ 
ably  be  given  the  Indian  grower  of  mangoes. 

The  number  of  varieties  grown  for  the  market  in  India  will  remain  consid¬ 
erable,  because  of  regional  differences,  seasonal  variation,  and  market  demands. 
Different  varieties  are  suited  to  different  sections.  Gangolly  and  Singh  (1950) 
have  listed  the  important  varieties  grown  in  each  of  five  climatic  regions  of  India. 
The  Alphonse  group  is  considered  by  many  the  best  of  all,  as  grown  in  Bombay, 
but  it  has  not  proved  satisfactory  in  northern  India.  Even  in  North  Kanara, 
Holmes-Smith  (1911)  ranked  it  fifth  in  order  of  merit.  In  any  region,  there  is 
room  for  varieties  ripening  at  different  times.  Very  early  or  very  late  varieties  of 
medium  quality  may  bring  more  on  the  market  than  superior  varieties  ripening  in 
mid-season.  While  quality  is  a  very  important  consideration,  quantity  must  also 
be  considered.  In  order  to  meet  the  demand  for  cheap  fruit, 
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ularly  and  abundantly  should  be  grown,  as  well  as  those  of  superlative  quality 
which  may  bear  less  freely. 

It  does  not  follow  that  each  grower  should  produce  all  of  the  varieties  which 
are  desirable  in  his  region.  Each  grower  should  have  enough  of  each  variety  he 
grows  to  provide  for  economical  handling  and  marketing,  even  though  that  limit 
him  to  one  carefully  chosen  variety.  In  larger  orchards  it  is  generally  desirable  to 
plan  to  have  varieties  ripening  more  or  less  throughout  the  season.  Allan  (1935) 
suooests  two  or  three  varieties  of  each  seasonal  group,  a  total  of  six  to  tefl  varieties 
in  an  orchard  of  moderate  size.  On  the  basis  of  the  opinions  of  members  of  the 
Fruit  Development  Board,  he  suggests  the  following  varieties  for  Uttar  Pradesh: 
early  (ripening  in  May  and  June),  several  types  of  Bombay,  and  Alphonso;  mid¬ 
season  (July),  several  types  of  Langra,  Dasehri,  Safeda  No.  1,  and  Lucknow 
Saleda;  late  (August  and  later),  Fazli  and  Samar  Bihisht  Chausa.  He  also  rec¬ 
ommends  the  following:  early,  Kachamitha  and  Stalkart;  mid-season,  Gopalbhog, 
Khaparia  Singra  and  Singapuri;  late,  Faqirwala,  Lamba  Bhadra  and  Hathijhul. 
I\.  S.  Singh  and  Gupta  (1950-51)  consider  the  Dasheri  (Dasehri)  the  best  com¬ 
mercial  variety  for  the  state.  Outstanding  commercial  varieties  in  Bihar  are 
listed  in  the  annual  report  of  the  Indian  Council  of  Agricultural  Research  for 
194-9-50  as  follows:  Surkh  Burma  (early,  annual  bearing)  ;  Aman  Ibrahimpur, 
Aman  Dasheri,  Khasulkhas,  Husnara,  Calcuttia  Bombai  (midseason)  ;  Taimuria,  and 
Samarbahist  of  Chausa  (late). 

There  are  a  number  of  excellent  varieties  grown  in  Bombay,  the  best  being  the 
Alphonse,  of  which  name  Alphonso,  Apoos,  Afooz,  etc.  are  variations.  Probably 
next  in  merit  is  the  Pairi.  Fernandin  and  Kavasji  Patel  are  also  of  importance,  the 
latter  for  pickling.  In  Madras,  according  to  Naik  (1947  A),  about  30%  of  the  pro¬ 
duction  is  from  seedling  trees,  17%  of  the  Bangalora  variety,  14%  of  Neelum,  6% 
of  Swarnarekha,  5%  of  Banganapalle,  and  4%  of  Peter.  This  leaves  about  a 
fourth  of  the  total  production  to  be  provided  by  the  hundreds  of  other  named 
varieties.  Many  of  these  are  described  and  classified  by  Naik  and  Gangolly  (1950). 

Since  names  are  rather  freely  used,  it  is  obvious  that  not  all  trees  with  a 
certain  name  will  be  equally  satisfactory.  Naik  (1940  B)  kept  records  for  four 
years  on,  1,143  trees  of  the  locally  important  Neelum,  Bangalora,  Andrews,  and 
Mulgoa  varieties.  Only  one  tree  flowered  heavily  each  year,  and  morel  than  95% 
of  the  Mulgoa  and  Andrews  trees  gave  a  poor  crop  or  none1  in  three  of  the  four 
years.  The  percentage  fruiting  heavily  in  any  year  w7as  not  more  than  2.6.  Plants 
were  propagated  vegetatively  from  selected  Neelum  and  Bangalora  trees,  and  later 
Naik  (1947B)  reported  that  all  proved  efficient  producers,  with  little  variation.  This 
illustrates  the  importance  of  standardizing  varieties  and  propagating  only  from 
trees  known  to  yield  good  crops  of  fruit  of  the  type  desired. 

Although  there  are  already  so  many  varieties  being  grown,  it  is  still  possible 
to  secure  improved  types  through  breeding.  The  task  is  somewhat  tedious  and  re-, 
quires  patience,  as  only  a  small  percentage  of  the  pollinated  flowers  will  produce 
fruit.  Sen  and  others  (1946)  at  Sabour  cross-pollinated  3,000  flowers  in  one  year,, 
but  because  of  unfavourable  weather  secured  no  matuiie  fruit.  In  the  next  three  yeais 
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they  pollinated  8,737  flowers  and  secured  77  fruits  which  yielded  65  see 
1  •  e  i  Similarly  at  Kodur  7,308  pollinated  flowers  yielded  bo  seedling 

;tik  kSI)  Here  su  h  heavybearing  varieties  as  the  Neelum  were  crossed 
Sthoi^hyhearing  varieties.  Of  the  first  six  seedlings  to  hear  -‘Mwo  we  e 
considered  promising.  Seeds  of  open-po  linated  good  varieties  (J#, 

and  in  this  case  also  two  out  of  six  seemed  superior  to  their  parents,  but,  of  course, 
much  testing  would  be  required  before  their  merit  was  established. 

In  both  Sabour  and  Kodur,  evidence  was  found  of  xenia  or  metaxema.  Sen 
and  his  co-workers  report  the  appc  mt  influence  of  the  pollen  parent  on  the  size, 
shape,  colour  and  odour  of  the  fruit  resulting  from  cross  pollination.  At  Kodur 
one  seed  of  Neelum  pollinated  by  a  polyembryonic  variety  gave  rise  to  three  seed¬ 
lings,  and  Neelum  is  considered  monoembryonic.  It  has  been  reported  that  the 
Mulgoa  (Mulgoba)  variety  is  monoembryonic  in  India  but  became  polyembryonic 
when  taken  to  Florida.  This  might  be  explained  as  metaxenia,  there  being  polyem¬ 
bryonic  varieties  present  in  Florida  but  not  in  the  parts  of  India  where  the  Mulgoa 
is  commonly  grown.  j 


In  order  to  deal  with  the  many  varieties  of  mangoes  in  a  more  orderly  manner* 
several  classifications  have  been  suggested.  One  type  of  classification  is  based  on 
the  nature  and  use  of  the  fruit,  such  as  juicy,  table,  intermediate,  sour  or  pickle,  and 
a  few  which  are  sweet  even  when  green.  Most  of  the  superior  varieties  are  table 
mangoes  with  firm  pulp  containing  little  if  any  fibre.  There  is  also  a  considerable 
demand  for  juicy  mangoes,  most  of  which  are  more  or  less  fibrous,  and  which 
are  generally  sucked. 

Burns  and  Prayag,  on  the  other  hand,  have  suggested  a  classification  based  on 
the  shape  of  the  fruit.  Their  main  classes  are  round,  long,  and  indefinite.  They 
also  suggest  that  in  describing  a  variety  the  fruit  be  placed  with  the  beak  to  the  left, 
and  the  following  points  noted:  the  nature  of  the  right  and  left  shoulders,  the  basal 
cavity,  the  beak,  the  apex,  and  the  sinus;  the  three  dimensions;  weight;  colour; 
surface;  the  nature,  closeness  and  distribution  of  the  glands;  the  taste,  colour  and 
stringiness  of  the  pulp;  the  thickness  of  the  skin;  and  the  size,  weight,  fibre  and 
markings  of  the  stone.  Popenoe  (1941),  who  suggested  a  similar  outline  in  1913, 
uses  the  mango  to  illustrate  the  need  for  developing  the  systematic  pomology  of 
tropical  fruits.  He  says,  ‘Next  to  vegetative  propagation  itself,  it  is  sincerely  be¬ 
lieved  that  there  is  nothing  which  would  do  more  to  advance  the  cause  of  fruit 
growing  in  the  tropics  than  detailed  attention  to  this  subject’  (the  description  of 
varieties).  Naik  and  Gangolly  (1950)  deal  with  the  shape , of  the  tree,  the  leaves, 

and  the  inflorescences,  as  well  as  the  fruit  in  their  very  valuable  classification  of 
mangoes  in  the  South. 


r  ROPAGATION 


As  With  other  highly  improved  fruits,  proper  propagation  is  very  importa, 
he  mango.  W  hile  some  seedlings  are  of  excellent  quality,  in  India  the  -rei 

ZZl  T  V7  T  ThiS  *  n0t  •"*  in  »<<  o*er  ootmtries.  Somd  race!  < 
S0es  are  Hyombryomc.  This  seems  to  he  the  case  with  the  famous  Carak 
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'  ariety  in  the  Philippines,  seedling  trees  of  which  bear  uniformly  excellent  fruit. 
L  °me  °f  the  vaneties  grown  in  Java  also  seem  to  be  of  this  nature.  Pope  (1929) 
reports  that  most  Hawaiian  mangoes  are  polyembryonic  and  Grant  and  Williams 
(1936)  state  that  this  is  true  of  the  varieties  found  in  Burma,  where  they  are 
argely  grown  from  seed.  It  is  also  true  of  all  the  important  varieties  in  Malaya, 
according  to  Berwick  (1940).  Unfortunately,  the  important  varieties  in  India 
all  seem  to  be  largely  monoembryonic.  Burns  and  Prayag  refer  to  experiments 
carried  out  in  Saharanpur  from  1881  to  1893  which  indicated  that  seedlings  of  a 
Bomba)  variety  were  fairly  certain  to  be  good,  but  these  experiments  were  not  con¬ 
clusive.  The  report  of  the  Botanical  Gardens  of  the  North-Western  Provinces  for 
1854  refers  to  one  J.  Homphray  who  had  raised  seedlings  of  the  Mazagaon  variety 
and  found  them  true  to  type,  while  others  were  not.  It  was  reported  from 
Bombay  (Anon.  1926)  that  seedlings  of  the  Alphonse  and  Pairi  exhibited  consider¬ 
able  variation  in  shape,  taste,  fibre,  and  colour.  According  to  Sen  and  Malik  (1940), 
the  Bombai,  Langra,  and  Fazli  varieties  are  monoembryonic,  although  multiple 
shoots  may  occur  with  a  single  tap-root,  the  extra  shoots  apparently  arising  from 
the  axils  of  the  cotyledons.  Sen  and  Malik  also  studied  five  polyembryonic 
varieties  from  the  west  coast  of  India.  In  polyembryonic  seeds,  there  was  always 
one  strong  embryo  and  others  of  varying  vigour,  and  apparently  not  all  of  the 
embryos  germinate.  All  the  varieties  produced  some  monoembryonic  seeds.  Out 
of  400  varieties  listed  in  Madras,  about  ten  are  said  to  be  polyembryonic.  Naik 
(1941)  confirmed  the  existence  of  polyembryonic  races  on  the  west  coast,  where  they 
occupy  about  50,000  acres  (Naik,  1947),  finding  that  they  produced  from  two  to 
five  seedlings  per  seed.  In  some  cases  germination  was  fairly  high,  indicating  that 
such  seedlings  might  be  good  for  use  as  rootstocks.  Polyembryonic  varieties 
have  also  been  found  to  induce  more  scion  vigour  than  monoembryonic  ones,  as 
well  as  greater  uniformity.  Horn  (1943)  studied  7,880  seedlings  of  20  varieties, 
mostly  Indian,  in  Puerto  Rico,  and  found  cases  of  polyembryony  in  17,  varying  up 
to  51.41%.  The  Alphonse  was  found  13.33%  polyembryonic,  and  the  Sufaida 
23.07%.  On  the  basis  of  this  report,  the  growing  of  seedling  trees  of  these 
varieties  would  scarcely  be  justified.  Horn  also  found  underground  branching  in 

16  of  the  varieties,  but  only  up  to  10.08%. 

In  propagating  polyembryonic  varieties,  graftage  may  not  be  worth  while,  but 
there  can  be  no  doubt  that  the  Indian  mango  grower  should  use  vegetatively  prop¬ 
agated  trees.  This  has  practically  limited  him  to  budded  or  grafted  plants.  Bums 
and  Prayag  report  experiments  in  layering  in  1912  and  1913.  About  28% 
eventually ‘rooted,  but  most  of  these  did  not  start  for  three  months  and  were  kept 
on  the  tree  about  six  months.  These  plants  grew  very  slowly,  and  had  still  borne 
no  fruit  at  the  time  of  the  report,  more  than  ten  years  later.  Similar  results  were 
secured  from  air-layering.  Thakurta  and  Dutt  (1941),  however  found  that  by 
using  branches  of  trees  two  or  thre*  years  old,  and  applying  1%  indole  acetic  aci  , 
they  could  raise  plants  successfully  from  80%  of  the  air-layers  attempte  .  e 
acid  was  applied  in  lanolin  to  the  surface  after  removing  a  ring  of  bar  .  \ey 
also  succeeded  with  cuttings,  but  in  this  case  3%  indole  acetic  acid  was  neces¬ 
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Some  success  in  ^layering  is  also  reported  by  S  N.  ***  and  Teotia 
(1951)  who  found  that  varieties  varied  in  their  response.  Using  f 

alpha  naphthalene  acetic  acid,  they  induced  100%  rooting  in  the  Daseh”; 

1  to  3%  of  beta  indole  acetic,  phenyl  acetic,  and  beta  indole  butyric  g 

from  60  to  80%  success  with  this  variety,  but  with  the  Langra  the  best  J  %, 

was  secured  with  2%  beta  indole  acetic  acid.  After  the  roots  appeared  further  ea 
was  necessary  if  the  layers  were  to  survive.  By  adding  another  layer  of  leaf  “°" 1  > 

about  40%  survived,  but  when  the  layers  were  pressed  into  pots  filled  wi 
mould  and  left  for  some  time  before  severing  them  from  the  tree,  all  survived. 
Results  were  much  better  in  the  rainy  season  than  in  the  spring.  uttings  ai  e  o 
grow  in  spite  of  hormone  treatment. 

Stock  for  graftage  is  ordinarily  grown  from  seed  from  seedling  trees.  Ihis 
is  probably  wise,  for  the  main  objective  is  vigour,  but  there  is  room  for  more 
selection,  as  some  strains  prove  much  better  stocks  than  others.  Naik  (1941) 
found  the  difference  in  the  germination  and  vigoujr  between  the  progenies  of 
different  parent  trees  to  be  of  commercial  importance,  as  careful  selection  of 
parent  trees  may  reduce  the  time  required  to  produce  plants  large  enough  for 
graftage.  The  effect  of  the  rootstock  on  the  scion  has  not  been  widely  studied. 
Sen  (1939,  1941A,  1942A)  suggests  that  the  Kalapadi  variety  from  the  west  coast 
of  Madras  shows  promise  as  a  dwarfing  stock,  as  trees  15  to  20  years  old  are 
generally  not  more  than  15  feet  high,  though  with  the  normal  girth.  This  variety 

is  said  to  have  an  excellent  fruiting  habit  and  to  produce  fruit  of  good  quality. 
Balakrishnamurti  and  Jogiraju  claim  that  varied  stock  results  in  varied  quality 
of  the  fruit,  and  a  distinct  difference  in  the  time  of  ripening.  A  writer  in  the 
Central  Provinces  states  that  ordinary  grafted  plants  from  Bombay  were  seriously 
affected  by  frost,  but  were  not  damaged  when  grafted  on  wild  seedlings  from  the 
Pachmari  hills.  It  is  generally  considered  good  practice  to  use  plump  seeds,  but 
while  Naik  found  that  larger  seed  gives  a  slightly  higher  percentage  of  germination, 
neither  germination  nor  the  vigour  of  the  seedling  depends  on  the  size  of  the  fruit 
or  seed.  Pope  says  that  seeds  from  early  ripening  fruits  do  not  produce  vigorous 
seedlings,  and  Barakzai  (1918)  reports  a  common  belief  that  seeds  from  the  top 
branches  yield  plants  which  are  more  vigorous  and  more  .nearly  like  the  parent  than 
those  from  side  branches.  Seeds  from  fruit  which  ripens  and  falls  to  the  ground 
is  also  said  to  come  true  to  type,  but  there  is  no  reason  to  consider  these  theories 
true. 

< 

In  Ceylon  the  best  rootstock  is  said  to  be  a  type  of  semi-wild  mango  with  sour 
fruits,  known  as  Pulima.  According  to  Gunaratnam  (1946)  this  gives  vigorous 
seedlings  with  well  developed  lateral  roots  which  are  easily  transplanted,  are  ready 
for  budding  in  from  six  to  nine  months,  and  produce  trees  requiring  less  care  and 
bearing  early,  heavily,  and  regularly.  The  species  Mangifera  zeylpnica  was  found 
unsuitable  as  a  rootstock. 

.  The  seed  should  be  planted  soon  after  it  is  removed  from  the  ripe  fruit,  as  it 
loses  its  viability  in  a  short  time.  Burns  and  Prayag  report  an  experiment  in  which 
about  80%  of  the  seed  germinated  when  planted  within  one  month,  48%  when  plant- 
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•  .1  tCr  <?a^S’  an(*  only  after  71  days.  The  seed  ordinarily  germinates  with¬ 
in  wee  wee  'S.  f  the  husk  is  carefully  removed  before  planting,  the  seed  germi¬ 
nates  a  little  sooner  and,  according  to  Naik  (1941),  the  stem  and  root  are  straight^, 
but  he  does  not  recommend  the  procedure  because  of  the  expense,  and  of  the  poor 
germination.  He  found  that  sowing  the  seed  with  the  plumule  up  also  helps  to 
avoid  the  rather  common  distortion  of  the  seedlings.  This  is  also  recommended 
n  ope.  Germination  may  take  place  in  sand  or  in  garden  soil,  or  the  seed  may 
be  left  unco\ered  and  kept  damp.  Stephens  (1949)  recommends  planting  husked 
seed  on  its  \ential  edge  in  an  eight-inch  layer  of  clean  sand  on  a  concrete  or  iron 
floor.  This  prevents  the  formation  of  a  taproot  18  to  24  inches  deep  as  may  occur 
when  the  plants  are  grown  in  an  ordinary  seed  bed,  and  favours  a  fibrous  root  sys¬ 
tem.  The  seed  should  be  almost  covered  with  sand,  and  mulched  with  straw,  grass, 
or  some  similar  substance.  He  recommends  a  light  shade  three  feet  high  which  is 
removed  after  the  first  flush  hardens. 

A  good  deal  has  been  said  in  favour  of  planting  the  seed  where  the  tree  is  to 
temain  in  order  to  avoid  transplanting.  Balakrishnamurti  and  Jogiraju  felt  that 
this  would  be  an  advantage,  as  the  cutting  of  the  tap  root  was  thought  to  shorten 
ihe  bearing  period  of  the  trees.  They  recognized,  however,  that  this  might  be  caused 
by  the  process  of  grafting  rather  than  by  cutting  the  root.  It  is  doubtful  whether 
the  advantage  of  planting  the  seed  in  its  permanent  position  is  sufficient  to  justify 
.the  additional  expense  involved.  If  this  method  is  followed,  a  small  grafted  tree, 
growing  in  a  pot,  may  be  placed  alongside  the  young  seedling  in  the  orchard,  and 
a  branch  inarched  to  the  seedling. 

In  common  practice,  seeds  are  planted  in  beds,  and  the  young  seedlings  are 
set  out  in  nursery  rows  until  large  enough  for  grafting,  when  they  are  placed  in  pots. 
On  the  basis  of  an  experiment  at  the  Ganeshkhind  garden,  Burns  and  Prayag  rec¬ 
ommended  that  the  seedlings  be  raised  in  pots  from  the  beginning.  They  found  that 
seedlings  one  year  old  raised  in  the  field  averaged  20  inches  in  height,  while  those 
in  pots  were  only  13  inches.  But  about  a  third  of  the  field-grown  plants  died  when 
transplanted  to  pots.  They  considered  an  attempt  to  speed  up  the  growth  of  the  pot¬ 
ted  seedlings  by  giving  them  a  solution  of  sodium  nitrate  a  success,  but  the  data 
seem  inconclusive.  Even  if  no  better  results  can  be  secured  in  transplanting  the 
seedlings,  it  may  be  more  economical  to  grow  the  seedlings  in  the  field  and  thus 
secure  more  rapid  growth  while  avoiding  the  larger  expense  of  caring  for  the  seed¬ 
lings  in  pots.  Naik,  (1947A)  on  the  other  hand,  found  it  feasible  to  transplant 
seedlings  with  bare  roots,  on  cool,  hiimid  evenings  when  growth  is  inactive,  or. 
under  less  favourable  conditions  if  they  are  heavily  defoliated  seven  to  nine  days 
before  being  moved.  It  is  doubtful  if  the  plant  can  be  kept  in  one  pot  from  germi¬ 
nation  until  it  is  ready  to  be  planted  in  the  field,  without  becoming  pot-bound. 
The  difficulty  is,  of  course,  greater  when  the  seedling  is  comparatively  old  when 
grafted. 

The  age  of  the  seedling  at  the  time  of  grafting  varies  from  three  weeks  to. 
three  years.  Burns  and  Prayag  quote  Wester  as  saying  that  in  the  Philippines  seed¬ 
lings  three  weeks  old  are  inarched,  and  are  commonly  ready  to  be  removed  from 
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the  parent  tree  wltnin  a  month,  sometm.es  ...  as  little  as  13  days-  (I  .  ^ 

that  in  Hawaii  the  age  at  grafting  is  generally  about  six  months.  T!  y 

eessful  in  five  eases  out  of  10,  with  two-month-old  seedlings.  Sen  (1939  ill  A, 
1942A)  secured  the  best  results  by  inarching  the  current  years  sl.oo.s  aooi  t 
size  of  of  a  lead  pencil  onto  seedlings  about  three  months  old,  using  waxed  tap  . 
union  was  complete  in  two  or  three  weeks,  and  the  plants  were  ready  to  set  out  one 
year  after  the  sowing  of  the  seed.  Naik  (1941)  succeeded  with  seedlings  four  and 
a  half  months  old.  He  found  no  variation  in  size  18  months  after  planting  tiees 
which  had  been  about  10,  13,  and  16  months  old  when  grafted.  In  estern 

India,  two-  or  three-year-old  stock  is  frequently  used.  Such  plants  are  almost  sure 

to  have  a  poor  root  system.  On  the  other  hand,  there  is  a  popular  prejudice  against 
small  plants,  and  these  may  not  stand  transportation  well.  Burns  and  Prayag 
therefore  advise  that  seedlings  be  from  one  and  a  half  to  two  and  a  half  years  old. 
In  most  cases  better  grafted  plants  would  probably  result  from  grafting  younger 
plants.  In  Madras  it  is  said  to  be  common  practice  to  transplant  the  seedlings  at 
five  or  six  months  of  age,  pot  them  when  18  months  old,  and  graft  them 
they  are  well  established  in  the  pots. 


lings 
as  soon  as 


Inarching  is  the  only  method  of  vegetative  propagation  of  (lie  mango  used 
commercially  in  India.  When  well  done  it  yields  a  satisfactory  tree,  but  careless 
workmen  often  produce  very  poor  plants.  One  mistake  is  that  of  grafting  the  scion 
up-side  down,  because  it  is-  often  easier  to  do  this.  Patwardhan  and  Deshmukh 
(1931)  report* that  in  Karnatak  and  the  Konkan,  three  or  more  stock  plants  are 
frequently  grafted  simultaneously  to  one  large  scion.  This  produces  a  large  nursery 
plant,  such  as  the  buyers  demand,  but  one  which  is  not.  likely  to  develop  into  a  very 
satisfactory  tree.  One  vigorous  seedling,  no.t  more  than  one  year  old,  grafted  to  a 
scion  of  approximately  the  same  size,  is  likely  to  give  as  good  a  plant  as  may  be 
produced  by  inarching.  Although  Burns  and  Prayag  found  that'  a  slightly  higher 
percentage  of  success  could  be  secured  by  the  method  known  as  tongue  grafting  by 
approach,  they  recommend  simple  inarching.  The  former  method  is  a  combination 
of  tongue  grafting  and  inarching,  and  is  more  difficult.  It  also  requires  slightly 
larger  stocks  and  scions.  Inarching  by  an  experienced  man  ordinarily  results  in 
a  high  percentage  of  success,  but  this  varies  with  the  variety,  and  with  weather 
conditions.  The  rainy  season  is  generally  the  best  time.  The  grafts  may  commonly 
be  separated  from  the  parent  tree  in  two  or  three  months,  but  some  varieties  benefit 
by  being  left  longer.  During  certain  seasons,  according  to  Naik  (1941),  it  is  pos¬ 
sible  to  plant  the  grafts  in  their  permanent  position  immediately  without  the  cus¬ 
tomary  period  in  the  shade,  with  good  results,  and  such  plants  flush  sooner  than 
those  nursed  in  the  shade. 


Naik  (1941,  1948C)  also  reports  success  with  root  grafting,  the  best  metho 
,  6 '?  ,rt.lh?  seedlinSs  with  naked  roots,  pot  them,  and  later  re-pot  them  wit 

a  .out  three  inches  of  the  root  exposed  and  extending  through  a  notch  cut  in  tl, 
i  c  of  the  pot.  I  he  scion  is  then  inarched  onto  the  root.  This  may  be  of  vain 
fot  experimental  work,  as  it  eliminates  the  influence  of  the  seedling  stem  whic 
ay  he  as  great  as  that  of  the  roots.  In  the  varieties  tested,  Neelum  and  Banealon 
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there  was  no  significant  difference,  however,  between  root-grafted  and  inarched 
trees. 

W  hen  these  two  varieties  were  double  worked,  each  with  the  other  as  the 
intermediate  stem  piece,  trees  were  significantly  dwarfed  and  the  size  of  the 
Bangalora  fruit  was  reduced.  When  three  shy-bearing  varieties  were  grafted  on 
Neelum  intermediate  stems,  they  were  somewhat  dwarfed,  precocious,  and  produced 
more  flowers,  but  not  more  fruit. 

Other  forms  of  grafting  have  been  used  in  this  country  with  very  limited 
success.  Most  of  them  seem  entirely  unsuccessful  except  in  regions  of  moist  climate. 
Burns  and  Prayag  recommended  whip  grafting  in  the  hands  of  an  expert  under 
such  conditions,  and  Patvardhan  and  Deshmukh  state  that  in  the  Konkan  about  one 
crown  graft  out  of  four  is  successful.  Gandhi  (1942)  reports  good  success  in 
crown  grafting  using  a  device  which  had  been  used  by  Woodrow  to  avoid  the  ex¬ 
tremes’  of  temperature  and  maintain  a  moist  atmosphere.  This  is  an  earthen¬ 
ware  pot  inverted  over  the  plant,  with  a  large  hole  in  its  bottom,  which  is  covered 
with  glass.  For  top-working,  he  secured  excellent  results  by  making  a  straw-board 
case  around  the  graft,  filling  this  with  sawdust  to  cover  all  but  the  top  bud,  and 
covering  it  with  glass.  The  saw-dust  is  sprinkled  on  alternate  days.  Side  graft¬ 
ing  has  given  encouraging  results  at  Sabour,  according  to  Sen,  although  there  are 
difficulties  to  be  overcome.  The  scion  wood  is  not  in  the  best  condition  at  the 
best  time  of  the  year  for  grafting.  In  Madras  Naik  secured  better  results  with 
scions  more  than  half  a  centimeter  in  diameter,  from  the  apical  regions  of)  shoots, 
than  with  other  scions,  and  had  some  success  with  scions  cut  three  to  five’ days  be¬ 
fore  being  inserted.  Veeraraghavan  (1945)  reports  the  success  attained  as  follows: 
Khader,  September  to  November,  100 Neelum,  October,' 90%,  November,  100%; 
Alampur  Baneshan,  October,  80%,  November,  90%;  Baneshan,  October,  50%, 
November,  100%.  For  these  varieties,  at  least,  this  method  is  preferred  to  inarch¬ 
ing  Richards  (1950B)  reports  good  results  in  top-working  by  side  grafting  in  the 
dry  zone  of  Ceylon,  especially  with  vigorous  young  trees.  These  commonly  began 

to  bear  within  three  years. 

Grafting  has!  been  used  in  other  countries  with  some  success,  but  special  pre- 
cautions  have  to  be  taken  in  most  cases.  In  Ceylon,  Parsons  (1932)  recommends 
cleft  grafting,  one  year  old  stock  being  cut  horizontally  about  a  foot  from  the 
ground,  and  a  wedge-shaped  scion  five  or  six  inches  long  bemg  inserted  in  a  verU^l 
cut  through  the  centre.  It  is  tied  tightly  with  waxed  tape  and  kept  m  the  aha*. 
The  union  takes  place  in  about  three  weeks,  and  in  t  ree  or  our  o’011 
is  said  to  be  ready  to  plant  out.  Side-tongue  grafting  has  been  successful  in  Hawaii, 

and  is  recommended  by  Pope,  but  great  care  must  be  exercised. 

Although  early  attempts  at  budding  in  India  were  not  successful,  recent 
fork  has  been  much  more  promising,  and  the  method,  is  likely  to  rep  ace  marc  mg 

-  —.1  »™o  i~'«: ,  ^ ‘  Sffi  KSlS 

VW  “  b*  "“l  "« "  * ,hi£lJ  ,„a  bulling 

wprp  secured  at  the  Ganeshkhind  garden  in  ivio  i  ,  ,  , 

bdng  used  Again  in  1925  (Anon.,  1926)  better  results  were  secured,  about  40% 
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being  successful  with' the  inverted  T  method.  Ufvi  (1940)  reported  60%  at  Mir- 
purkhas,  Sind,  in  1940,  using  buds  two  inches  long  inserted  while  the  rootstock  was 
in  flush,  but  the  scion  was  not.  The  last  flush  of  scion  wood  was  rejected,  and  the 
previous  flush  or  two  were  used.  The  February-March  and  August-September 
Hushes  were  found  to  be  the  most  suitable  seasons  for  budding.  Sen,  on  the  other 
hand,  had  better  success  with  buds  from  the  current  season’s  growth  which  had 
reached  a  certain  stage  of  maturity,  inserted  in  July  and  August.  It  made  little 
difference  whether  the  wood  was  retained  in  the  bud  or  not.  He  secured  an  average 
of  50  to  60%  success,  with  a  maximum  of  70%.  Aaik  also  reported  success  in 
budding,  especially  with  the  Forkert  method.  Ibis  method  has  also  been  very 
successfully  used  by  Gandhi  (1942)  who  describes  and  illustrates  it.  The  bud, 
prepared  as  for  shield  budding,  is  inserted  between  the  wood  and  a  Hap  of  bark 
which  has  been  cut  across  the  top  and  down  both  sides.  The  bud  is  loosely  cover¬ 
ed  with  the  flap,  and  the  whole  is  bandaged  with  waxed  tape.  After  three  weeks 
the  tape  is  removed  and  the  flap  cut  away.  Growth  begins  in  about  three  weeks 
and  the  top  of  the  rootstock  is  then  cut  off.  August  and  September  is  the  best 
season  for  the  operation  in  Poona,  as  the  weather  is  cool  and  moist  but  not  very 
rainy.  The  budling  remains  in  the  nursery  for  a  year,  but  two  months  before  it  is 
to  be  removed  the  tap  root  is  cut.  following  this  procedure,  there  has  been  no 
casual  tv  in  transplanting. 

The  age  of  the  rootstock  was  found  to  be  an  important  factor  by  L.  Singh 
and  Khan  ( 1 94 3 A ) .  They  had  slight  success  with  one-year-old  plants,  30  to  40% 
with  two-year-old,  and  70%  with  three-year-old  stock.  But  when  they  tried 
to  transplant  102  plants  which  had  been  budded  at  the  age  of  three  years, 
only  seven  survived.  This  led  them  to  try  planting  two  seeds  at  each  place 
in  the  orchard  where  a  tree  was  desired,  keeping  one  good  seedling,  and  budding 
it  at  the  age  of  three  years.  They  recommend  this  procedure,  inserting  buds  from 
one-year-old  scions  on  one-year-old  branches,  leaving  one  branch  of  each  seedling 
unbudded,  to  be  removed  aftei  the  buds  grow'.  The  budwood  is  prepared  by  cutting 
off  the  immature  growth  and  the  blades  of  about  6  leaves  just  below  it.  After 
10  to  15  days,  when  the  petioles  have  fallen  and  the  buds  are  swollen,  the  bud¬ 
ding  is  done.  'K  ithout  special  precautions,  the  budwood  must  be  used  within  a 
few  hours  after  it  is  cut,  but  L.  Singh  and  Khan  (1943B)  suggest  a  method  by  which 

*  Ca.n  le  ke|’t,  "I’  48  hours-  Tllc  is  cut  at  least  an  inch  and  a  half  from 

,  ?St  “SabIe  bud,s>  anfl  ,hc  entls  are  d'PP«l  in  molted  paraffin,  not  more  than  a 
fouith  of  an  inch  deep,  and  then  in  cold  water.  The  wood  is  kept  in  a  thermos 
JUR  previously  cooled  and  with  about  one  fourth  of  an  inch  of  cold  water  in  it 
•  ,  ’  “  renewed  after  24  hours.  They  p refer  shield  budding,  wrapping  the  bud 

FahreXh  Af|  PI’1  T*'/  T  “  meUin*  'loi'u  of  140  '«•  1«  degrees 
Hama  and'  Ram  ^  "  * '0°'S  ^  f°"r  inC,ICS  above  "te  buds, 

district  to  94%  in  Muhm,rePt  rt.hUCCefS  ra"gi"K  fr°m  d2%  in  Gurdaspur 

with  about  60%  "uXss  A  ri  ^ TT  ^  Were  budded  «» 

r-unjah  hut  Sep,e“ivesab  u  aTafod  ‘ *  ***  ^  b"ddi"8 

abbottgh  the  buds  do  „:t  ^  VearS  °f  fTOSt- 

19  * 


146 


FRUIT  GROWING  IN  INDIA 


Shield  budding  has  been  highly  successful  in  Florida  and  Hawaii  in  the 
hands  of  experienced  experts,  whereas  in  Java  the  modified  Forkert  method  is  very 
satis! actory.  Berwick  (1940)  states  that  budding  is  successful  in  the  wet  season 
in  Malaya,  when  the  seedlings  are  six  months  old.  The  leaves  are  removed  from 
the  third  and  fourth  flushes  from  the  end  of  the  branch  and  the  buds  in  the  axils  of 
lliese  leaves  are  used  after  they  have  begun  to  swell.  Anderssen  (1940)  in  South 
Africa  also  found  it  wise  to  remove  the  leaves  of  the  scion  14  days  before  budding. 
He  prefers  the  modified  Forkert  method  to  shield  budding,  and  recommends  cutting 
the  tap-root  of  the  stock  before  budding.  In  this  wav  he  secured  80%  success, 
compared  with  44%  in  shield  budding  without  removing  the  leaves  or  cutting  the 
tap-root.  Stephens  (1949)  reports  success  with  shield  or  Forkert  budding  ora 
method  he  developed  and  calls  window  budding.  This  is  a  modificaton  of  the 
Forkert  method  in  which  a  window  not  more  than  one  fourth  of  an  inch  wide  and 
three  eighths  of  an  inch  long  is  made  in  the  flap  in  such  a  way  that  the  bud  is 
visible  through  it.  He  emphasises  the  importance  of  a  sharp  knife,  saying  that  a 
blade  which  will  not  shave  is  too  blunt  for  budding.  As  budwood  he  prefers 
green  wood  of  the  second  or  third  flush  from  the  last,  about  three  eighths  of  an 
inch  in  diameter,  which  has  been  stored  in  dam])  peat  moss  or  wet  sand  for  several 
days. 

Planting  and  Care 


Mangoes  are  generally  planted  out  in  the  field  early  in  the  rainy  season, 
though  where  the  rainfall  is  more  than  60  inches,  it  is  probably  better  to  delay 
planting  until  the  rains  are  nearly  finished.  While  it  is  generally  possible  to  estab¬ 
lish  trees  at  other  seasons,  special  care  is  then  letjuiied. 


While  it  is  recognized  that  many  groves  in  this  country  are  planted  so  that 
the  trees  have  insufficient  space  in  which  to  develop,  there  is  much  difference  of 
opinion  as  to  the  correct  spacing.  Burns  and  Prayag  recommend  planting  the  trees 
30  feet  apart,  which  is  an  improvement  on  some  of  the  earlier  writers,  such  as 
Woodrow,  who  suggested  20  feet.  Balakrishnamurti  and  Jogiraju  recommend 
putting  the  trees  40  feet  a,, art  in  rows  35  feet  apart,  by  the  triangular  method.  This 
amounts  to  placing  them  40  feet  apart  by  the  hexagonal  method  Altat  M 
states  that  while  30  feet  may  be  enough  on  soil  which  »  not  fert.  e,  in  the  Cange  .c 
valley  they  should  be  placed  at  least  35  feet  apart,  while  10  feet  would  not  be 
excessive  '  Wagle  (1931)  states  that  in  the  Konkan  trees  35  feet  apart  hear  less 
frequently,  and  produce  fewer  fruits  when **  do  bear,  that ■  -s  52  f^apart. 

^2  ,J  ..i,*  ^ « .*> ; 

desired  that  the  trees  have  room  to  develop  normally,  un  ei  mo  t 

Cithern  India,  most  varieties  should  be  planted  40  or  45  feet  apart.  Seedling 

trees,  if  planted  at  all,  may  well  occupy  as  much  as  60  feet. 

On  few  horticultural  subjects  has  more  been  written  on  I*. 
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results  are  secured.  On  the  other  hand,  it  is  probable  that  most  orchards  would 
benefited  by  intelligent  care,  and  that  in  many  cases  complete  failure  could  b 
avoided.  Bums  and  Prayag  refer  to  an  experiment  indicating  considerably  bet  er 
crops  each  year  when  the  soil  is  ploughed  or  dug  than  when  it  is  not  cultivated  In 
an  experiment  on  17-year-old  Bambai,  Langra,  and  Fazli  trees.  Sen  (  1959, 

1942A)  found  that  uncultivated  trees  were  in  poor  condition,  and  that  at  least 
three  ploughings  a  year  were  necessary  for  good  health.  The  cultivated  trees 
tended  to  hear  fairly  good  crops  in  alternate  years,  hut  without  cultivation  more  than 
one  year  seemed  to  be  required  for  recovery  after  a  good  crop.  This  was  specially 
evident  in  the  Bambai  variety,  which  also  suffered  most  in  vegetative  growth  when 
not  cultivated. 


Some  work  on  the  nutritional  requirements  of  the  mango  has  been  dope  in 
Bihar  and  reported  by  Sen  and  Hoy  (1945),  Sen  and  others  (1947)  and  Patel 
(1949).  One  year  after  grafting  on  one-year-old  rootstocks,  Langra  plants  were 
transferred  to  quarz  sand  in  June,  1940,  and  given  a  nutrient  solution  containing 
nitrogen,  potassium  and  phosphorus  until  May,  1941  when  differential  treatments 
were  begun.  No  attention  was  paid  to  the  minor  elements,  and  no  solution  con¬ 
tained  copper,  zinc,  manganese  or  boron.  The  supply  of  nitrogen  seemed  to  con¬ 
trol  the  uptake  of  the  other  elements,  and  to  determine  the  amount  of  growth.  An 
increase  of  nitrogen  beyond  the  optimum  amount  caused  a  deficiency  in  potassium. 
The  trees  showed  considerable  resistance  to  phosphorus  deficiency,  but  not  to  potas¬ 
sium  deficiency.  As  the  soils  in  Bihar,  like  those  in  most  parts  of  India,  lack 
nitrogen  but  have  plenty  of  potassium,  the  application  of  nitrogen  would  seem  to 
be  the  outstanding  need.  The  application  of  organic  manure  and  ammonium 
sulphate  just  after  harvest  is  recommended,  although  there  would  seem  to  be  danger 
of  losing  much  of  the  soluble  fertilizer  during,  the  rainy  season. 


The  results  of  this  pot-culture  experiment  have  been  confirmed  by  field 
trials,  according  to  Roy  and  others  (1951).  They  found  that  the  application  of 
nitrogen  increases  growth,  especially  when  phosphorus  and  potassium  are  also 
added,  although  these  without  nitrogen  do  not.'  Flowering  and  fruiting  were  found 
to  be  directly-  proportional  to  vegetative  growth.  These  workers  recommend  a 
manurial  treatment  including  for  each  tree  1.6  lbs.  of  nitrogen,  0.4  lbs.  of  phosphate, 
and  1.5  lbs.  of  potash.  This  may  be  supplied  by  200  lbs.  of  farmyard  manure,’ 

il'  °ffCastor  cake’  10  lbs-  of  bone  mea1>  2  lbs.  of  ammonium  sulphate,  and 
.  0  lbs.  of  wood  ash  In  the  year  of  heavy  bearing,  the  amount  of  ammonium 
suphate  should  be  doubled.  It  is  recommended  that  the  ammonium  sulphate  and 
halt  of  the  potash  be  applied  in  June,  and  the  rest  in  October. 

,  ,,,  ’fhere  ,iS  ,gen*ral  agreemem  a™ong  writers  on  the  subject,  that  conditions 

in  M  ^  l  *  y°U,ng  ‘reeS  Wi"  gr°W  rapidly’  but  lhal  vigorous  growth 

o  be  n.  7l  W  ,h  fruitfulness-  Ma">'™S  the  pit  in  which  the  trees  are 

trniYf  ,‘,S  c0n,m0nl>r  recommended.  Burns  and  Prayag  recommend  mixing 
100  lbs.  of  well-rotted  manure,  5  lbs.  of  bone  meat  and  in  lb"  f  j  ,  f 

pit.  Allan  recommends  smaller  amounts.  He  suggests  that  to  the 
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soil  which  is  to  .fill  the  lower  two  feet  of  the  pit,  there  be  added  30  to  '40  lbs.  of 
manure,  0  lbs.  of  bone  meal,  anil  0  lbs.  of  wood  ash,  while  to  the  upper  foot  there  be 
added  10  lbs.  of  manure,  2  to  3  lbs.  of  bone  meal,  and  2  lbs.  of  neem  cake.  Neither 
recommendation  seems  to  lie  based  on  experimental  evidence.  As  long  as  it  is  not 

proved  that  the  application  of  bone  meal  has  any  effect  on  the  trees,  h  seems  pre- 
Mature  to  debate  the  proper  amount. 


Similar  recommendations  are  made  regarding  manuring  after  the  orchard  is 
established,  burns  and  1  rayag  recommend  20  lbs.  ot  farmyard  manure  per  tree 
in  the  first  year  with  an  increment  of  10  lbs.  each  year  up  to  100  lbs.  In  the  same 
way  the  amount  of  bone  meal  would  lie  increased  from  5  to  15  lbs.,  and  ashes  from 
10  to  30  lbs.  Again  Allan  favours  smaller  amounts,  suggesting  10  lbs.  of  farm¬ 
yard  manure,  increasing  by  3  lbs.  to  40,  or  by  5  lbs.  to  55;  3  lbs.  of  neem  cake  in¬ 
creasing  to  6;  and  3  lbs.  of  superphosphate  or  bone  meal  plus  1  lb,  of  sulphate  of 
potash,  increasing  to  a  combined  total  of  12  lbs.  Popenoe,  on  the  other  hand,  states 
that  farmyard  manure  is  not  generally  suitable  for  bearing  trees,  and  that  Mulgoba 
trees  in  Florida  and  Cuba  bore  much  larger  crops  when  fertilized  heavily  with 
potash  than  when  given  the  ordinary  treatment.  Whenever  farmyard  manure  is 
recommended,  this  may  be  partially  replaced  by  green  manuring.  Goat  manure, 
tank  and  river  silt  and  other  nitrogenous  manures  are  sometimes  used  in  this 
country.  Balakrishnamurti  and  Jogiraju  recommend  such  manures,  and  state  that 
an  application  of  5  or  6  lbs.  of  bone  meal  or  supherphosphate  may  be  beneficial  in 
some  cases.. 


It  is  frequently  recommended  that  the  manure  be  applied  in  shallow  trenches 
which  are  at  first  near  the  trunk  and  which  are  gradually  moved  further  away  and 
increased  in  size.  It  is  seldom  suggested  that  the  manure  he  placed  beyond  the 
tips  of  the  branches.  These  recommendations  seem  to  be  based  more  on  the 
practice  of  the  country  than  on  definite  evidence.  Some  recommend  that  the 
manure  he  given  at  the  beginning  of  the  rains,  and  others  in  early  winter.  Roy 
(1941)  reviewing  the  literature  on  manuring  mangoes,  quotes  an  anonymous  writer 
who  stated  in  1938  that  ‘sound  experimental  results  are  not  forthcoming’.  This 
still  seems  to  sum  up  the  situation  although  encouraging  progress  has  been  made, 
especially  in  Bihar. 

In  the  Konkan,  the  use  of  salt  is  universal  and  it  is  regarded  as  a  manure,  but 
the  Department  of  Agriculture  (Anon.  1937B)  considers  it  beneficial  as  a  means  ol. 
stopping  vegetative  growth.  Its  use  would  thus  be  similar  to  root  pruning. 

Young  mango  trees  need  to  he  irrigated  frequently  in  order  to  keep  them 
growing  vigorously.  The  suggestion  made  by  Burns  and  Prayag  and  accepted  hv 
Allan,  that  during  the  first  six  months  the  young  trees  should  he  irrigated  every 
third  day,  and  after  that  about  once  a  week,  seems  unnecessarily  liberal.  There 

seems  to  he  no  advantage  in  irrigating  oftener  than  once  in  ten  days  or  two  weeks, 

except  in  the  very  hot  dry  weather. 

There  is  less  basis  for  judgment  regarding  the  irrigation  of  hearing  trees.  In 

many  orchards  no  irrigation  is  given,  hut  it  is  probable  that  under  most  Indian 
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conditions  a  certain  amount  is  desirable.  It  is  questionable  whether  the  trees 
should  be  irrigated  at  all  between  the  monsoon  and  the  flowering  season,  though 
some  recommend  one  or  two  irrigations.  It  is  thought  that  free  irrigation  at  this 
time  encourages  vegetative  growth  in  October  and  November,  which  in  turn  interferes 
with  flowering  in  February.  This  Cjannot  be  regarded  as  an  established  fact,  how¬ 
ever.  It  is  generally  believed  that  irrigation  from  the  time  the  fruit  sets  until  the 
monsoon,  tends  to  prevent  the  fruit  from  falling,  and  to  produce  laige  fruits.  There 
is  considerable  evidence  that  this  is  true. 


Securing  Regular  Crops 


The  mango  is  commonly  subject  to  alternate  bearing,  although  some  trees 
tend  to  bear  only  once  in  three  or  four  years.  Naik,  however,  does  not  believe 
that  there  is  any  inherent  tendency  in  the  mango  toward  irregular  bearing.  Vegeta¬ 
tive  and  floral  growth  are  closely  inter-related.  Inflorescences  are  generally  borne 
on  shoots  nearly  a  year  old,  and  the  shoots  which  bear  panicles  of  flowers  do  not 
ordinarily  produce  vegetative  growth  until  after  the  harvest,  although,  as  Sen  has 
pointed  out,  if  fruit  fails  to  set,  or  falls  early,  laterals  may  be  produced  early 
enough  to  flower  the  following  spring.  It  is  even  reported  that  in  Madras  shoots 
produced  in  October  may  bear  the  following  year.  Sen  points  out  that  shoots 
produced  in  March1  and  April  usually  cease  growth  by  July,  and  flower  the  next 
spring,  and  that  those  ceasing  growth  by  October  are  much  more  likely  to  flower 
than  those  growing  in  October.  L.  Singh  and  Khan  (1939)  agree  that  shoots  grow¬ 
ing  rapidly  and  ceasing  growth  early  produce  more  fruit  the  next  year.  It  thus 
appears  that  the  production  of  many  leaders  in  the  early  flushes  is  likely  to  result  in 
a  good  crop  the  following  year,  and  it  has  also  been  suggested  that  an  early  produo 

tion  of  laterals  during  the  spring  flush,  and  vigorous  growth  in  October  favour  reg- 
ular  bearing.  n 


There  are  some  varieties,  such  as  the  Baramasi,  which  flower  more  than  once 
curing  the  year,  and  in  these  panicles  are  sometimes  borne  on  very  young  vegetative 
growth.  In  these  varieties,  mixed  panicles  occur  frequently,  that  is,  shoots  which 
•ear  both  leaves  and  flowers,  and  crops  are  generally  very  light.  Mixed  inflores- 
cences  also  occur  in  some  varieties  which  flower  only  once  a  year,  such'  as  the  Fa?li 
Sen  (1 939,  1941  A,  1942A)  observed  .ha,  , he  varieties  which  Varthefetest  mix!d 
panicles  bear  the  heaviest  crops  and  are  the  most  markedly  alternate  bearing. 

m,ie  5“:r  bbeaHns  tendency  ^  *** 

attention  to  cultural  details,  alternate  1^^^,^  °“ 

pruning  or  the  use  of  salt  has  been  advocated  but  doe  ,  C  ,  „  MlW  r00t 

krishnamurti  and  Jogiraju  state  that  roo piun in  '  tT'  ^ 

,-Hsh  little.  Popenoe  ^u^m^^n  ~ 

pruning  and  root  pruning  were  used  hut  tint  ,•  !'C°  branch 

serious  injury.  He  recommends  the  girdlLl  „  Z  h  ^  '«  prevent 

moved.  Removing  the  ends  of  branches  was  also  f  "‘dT  ^"i'  3re  'a'er  *°  be  re’ 

ncnes  was  also  found  to  produce  flowering.  On 
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the  other  hand,  it  was  found  in  Bombay  that  such  pruning  tended  to  produce  vegeta¬ 
tive  growth  and  weak  inflorescences.  In  Alibagh  district  ringing  is  sometimes 
practised,  but  there  is  no  evidence  that  it  either  hastens  or  improves  flowering. 
\\  agle  (1928)  found  that  by  ringing  and  notching  he  could  increase  the  number  of 
inflorescences  and  of  fruits,  on  bearing  trees,  but  that  he  could  not  secure'  flowers 
on  trees  in  a  vegetative  state.  In  a  later  paper  (1981)  he  reports  some  success 
with  ringing,  manuring  and  pruning  ofl  the  October-November  flush.  Sen  reports 
one  case  in  which  ringing  in  August  resulted  in  satisfactory  flowering  the  following 
spring.  Malik  (1951)  reports  a  significant  increase  in  the  flowering  of  20-year-old 
Bombai,  Langra,  and  Fazli  trees  following  the  removal  in  August  of  rings  of  bark 
one  half  inch  wide  from  large  branches.  The  damage  which  sometimes  resulted 
was  avoided  by  applying  farmyard  manure  and  ammonium  sulphate  at  the  time  of 
ringing.  Manuring  without  ringing  caused  a  slight  increase  in  flower¬ 
ing.  The  treatment  had  to  be  repeated  each  year,  and  the  effect  of  this  on  the 
growth  of  the  tree  was  not  reported.  L.  Singh  and  Khan  (1939)  removed  part  of 
the  panicles  from  a  flowering  Langra  tree,  with  the  result  that  about 
70%  of  the  deflowered  shoots  fruited  the  next  year.  Later  these 
Workers  (1946)  observed  three  26-year-old  Langra  mango  trees  during  four 
seasons.  One  tree  and  two  of  the  four  main  branches  of  another  were  totally 
deflowered  the  first  year.  The  untreated  tree  and  branches  continued  to  bear 
fairly  uniform  crops.  Strong  hot  winds  cause  much  shedding  of  fruits  where 
these  trees  were  growing  in  the  Punjab,  and  the  average  crop  on  the  untreated 
tree  was  only  166  fruits  weighing  6.75  oz.  each.  Deflowering  caused  marked  alter¬ 
nate  bearing  on  the  treated  tree  and  branches,  with  about  the  same  total  production 
during  the  "four  seasons  as  the  untreated  tree  and  branches.  Sen,  on  the  other 
hand, "found  that  removing  all  of  the  panicles  of  the  Bambai  variety  during  the  on’ 
year  resulted  in  a  significant  increase  in  the  number  of  panicles  borne  the  next  year, 
but  the  number  in  all  cases  was  very  small.  Similar  results  were  secured  with  the 
Fazli.  Sen  (1939,  1941  A,  1942  A)  states  that  with  the  Bambai  a  very  poor  flower¬ 
ing  follows  a  heavy  flowering  even  if  no  fruit  is  set,  but  that  in  some  other  varieties 
a  fair  crop  may  follow.  Removing  50%  of  the  panicles  of  the  Bambai  had  no  effect 
on  the  crop  that  year,  and  removing  75%  reduced  the  crop  only  57%,  but  m  both 
cases  there  was  only  a  slight  increase  in  flowering  the  next  year. 

The  importance  of  cultivation  in  encouraging  fruitfulness  is  stressed  bv 
Sen  (1943B).  An  experiment  was  started  in  4935  with  Bambai  trees  3  years  old 
all  having  been  ploughed  regularly  up  to  that  tune.  From  1936  to  1942  the 
average  number  of  panicles  per  tree  in  the  part  of  the  orchard  in  which  ploughuv 
was  continued  was  9,283,  with  satisfactory  numbers  in  three  years.  In  the  nnpl°ughe 
nart  the  average  number  was  3.233,  with  satisfactory  numbers  in  only  two  tears 
Sen  feels  that  there  is  little  doubt  that  the  failure  of  trees  to  bear  bean  y  or  sever 
years  is  caused  by  nutritional  deficiencies,  mainly  of  nitrogen.  In  one  cast t,  manu  ■ 
ing  after  the  harvest  of  a  heavy  crop  resulted  in  good  flowering  the  nex  y  . 

I,  thus  seems  that  the  problem  of  bearing  has  at  least  two  aspects:  mamtam.ng 
the  nutrition  of  the  tree,  and  so  managing  that  there  will  be  some  branches  ready  to 


Bombai  mango  trees,  16  years  old,  without  cultivation. 


for  several  years. 
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I, ear  each  year.  Sea  (1943  B)  therefore  makes  the  following  recommendations. 
II)  plant  varieties  which  do  not  have  a  strong  tendency  toward  alternate  hea.tng, 
(2)  plant  the  trees  well  apart  and  provide  a  wind-break;  (3)  plough  regular  y, 
ordinarily  once  in  the  winter,  at  the  beginning  of  the  monsoon,  and  in  October  or 
November;  (4)  use  up  to  10  cart  loads  of  farmyard  manure  or  compost  per  acre,  or 
even  more,  depending  on  the  condition  of  the  trees,  at  the  time  of  the  autumn 
ploughing;  (5)  if  the  new  growth  in  the  spring  is  insufficient,  apply  nitrogen  in  a 
qifickly  available  form,  such  as  ammonium  sulphate,  5  to  10  lbs.  per  tree  about  the 
first  of  June,  and  irrigate  liberally  once  or  twice;  (6)  irrigate  soon  after  the  fruit 
has  set;  (7)  where  the  rainfall  is  high,  or  when  there  are  late  rains,  ring  the  branches 
3  to  5  inches  thick  at  the  beginning  of  August  by  removing  half  an  inch  of  the  bark 
and  covering  the  wound  with  a  mixture  of  one  part  of  fresh  cow  dung  and  two  parts 
of  soil;  and  (8)  keep  the  orchard  open  by  pruning  or  by  removing  alternate  trees. 
Having  secured  flowers,  it  is,  of  course,  necessary  to  protect  them  from  insect  pests 
and  diseases,  in  order  to  get  a  satisfactory  crop  of  fruit. 

In  the  Philippines  it  has  long  been  the  practice  to  build  slow  fires  in  the 
mango  groves  some  time  before  flowering,  and  there  seems  to  be  little  doubt  that  this 
causes  the  trees  to  flower  earlier  than  they  otherwise  would.  Borja  and  Bautista 
(1932)  report  that  in  an  experiment  on  27-year-old  trees,  84%  flowered  in  from  7  to 
9  days,  and  that  the  effect  was  apparent  up  to  a  distance  of  CO  metres.  The  presence 
of  such  gases  as  ethylene  in  the  smoke  may  explain  in  part  its  effect,  but  Galang  and 
Agati  (1936)  have  shown  that  a  combination  of  heat  and  smoke  produce  a  greater 
response  than  cool  smoka  De  Jong  (1934  A)  has  reported  an  interesting  experi¬ 
ment  in  Java,  where  the  mango  ordinarily  flowers  in  July.  Four  fires,  producing 
dense  smoke,  were  lighted  under  a  mango  tree  on  March  3,  and  the  first  flowers 
appeared  in  24  days.  The  fires  were  continued  8  hours  daily  until  April  10,  when 
the  tree  was  in  full  bloom.  I  he  fruit  was  ripe  in  July,  and  the  tree  bloomed  again 
in  August.  The  yield  in  July  was  797  fruits,  while  that  in  the  regular  season  was  200. 
Similar  trees,  unsmudged,  yielded  about  1,000  to  1,500  fruits.  While  the  total  crop 
vvas  ,10t  ^creased  by  smudging,  the  higher  price  of  the  fruit  out  of  season  might 
justify  thfe  expense.  Sen  and  Mallik  (1945,  1947)  report  no  success  in  inducing 
flowering  by  smudging  in  Bihar,  but  they  sometimes  brought  about  excessive  vegeta¬ 
tive  growth.  When  they  maintained  six  to  eight  small  heaps  of  green  grass  and  weeds 
burning  night  and  day  for  four  weeks  in  November  and  December,  about  10  feet 
fiom  the  trunk  of  a  tree,  and  confined  the  smoke  within  mat  screens  around  the  tree, 
they  caused  tire  shedding  of  leaves  and  profuse  vegetative  growth,  part  of  which  wal 
"  .normal  But  there  was  no  flowering,  even  on  the  ‘on’  years  when  the  control  trees 

I  „M,,  y.  This  treatment  was  more  severe  than  that  usetl  in  the  Philippines 
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Mango  Hoppers 

A  large  number  of  insects'  have  been  noticed  as  pests  of  the  mango  in  India 
and  in  other  countries,  but  fortunately  most  of  these  are  of  comparatively  little 
importance  Undoubtedly  the  most  serious  pests  in  India  are  the  mango  hoppers, 
which  are  also  referred  td  as  jassids.  They  occur  in  all  of  the  mango-growing  dis¬ 
tricts  of  India,  and  are  frequently  found  in  very  large  numbers  during  the  hot 
weather,  and  especially  at  the  flowering  season.  The  three  species  of  the  genus 
ldwcerus  which  are  important  in  India  differ  from  each  other  in  several  respects, 
accoiding  to  Uppal  and  ^  agle  (1944).  Both  /.  atkinsoni  and  /.  niveosparsus  are 
larger  than  /.  cl)  pealis.  The  adults  of  /.  atkinsoni  are  found  mainly  on  the  trunk 
and  blanches  while  the  other  species  are  found  on  the  leaves  and  panicles.  I.  cly pealis 
io  the  most  prolific  and  breeds  usually  in  January  and  February;  /.  niveosparsus 
breeds  not  only  during  the  flowering  season  but  also  in  June  and  October;  and 
l.  atkinsoni  also  breeds  three  times  a  year,  mainly  on  the  vegetative  shoots,  but  both 
latter  species  produce  comparatively  few  young.  I.  atkinsoni  is  less  common  on  the 
flowers,  though  it  may  be  abundant  at  other  seasons.  In  the  Konkan  and  Karnatak, 
/.  cly  pealis  predominates,  and  it  is  reported  as  a  serious  pest  in  most  parts  of  the 
country.  In  South  India  I.  niveosparsus  is  said  to  cause  the  greatest  damage,'  and  it 
occurs  along  with  /.  atkinsoni  in  southern  Gujarat  and  the  area  near  Bombay  city.  In 
the  northern  parts  of  the  country  /.  atkinsomi  is  most  commonly  found,  although 
/.  ciypealis  also  occurs. 

The  minute,  translucent  eggs  are  deposited  in  the  tissue  of  the  floral 
shoots  or  in  the  unopened  flowers.  The  nymphs,  which  are  yellowish,  with 
red  eyes,  emerge  in  about  4  to  6  days  in  Bombay  or  8  to  10  days  in  the  Punjab. 
They  grow  rapidly,  and  moult  five  times  before  becoming  winged  adults  in  about 
10  to  13  days  in  Bombay  or  17  to  19  days  in  the  Punjab.  After  breeding,  the  adults 
of  /.  atkinsoni  live  on  the  stems,  while  the  other  species  prefer  the  leaves.  They 
spend  the  winter  in  crevices  in  the  bark,  and  become  active  again  just  before  the 
trees  flower.  While  some  damage  results  from  oviposition,  much  more  is  done  by 
the  nymphs  and  adults,  which  suck  the  juice  from  the  inflorescence  and  young  fruits 
The  honey-dew  falling  on  other  inflorescences  may  interfere  with  pollination,  and  it 
sometimes  encourages  a  fungus,  sooty  mould,  which  interferes  with  respiration.  The 
result  of  an  attack  by  hoppers  is  that  the  flowers  and  young  fruits  fall,  and  the  crop 
is  reduced,  sometimes  as  much  as  60  or  even  100%.  Hoppers  cause  damage  also  in 
Pakistan  and  Burma,  and  Ochse  (1931)  reports  an  attack  in  Java. 

Control  of  the  mango  hopper  has  proved  difficult,  though  a  number  of 
measures  have  been  tried.  Among  sprays  which  have  been  recommended  are  crude 
oil  emulsion,  kerosene  emulsion,  fish-oil  soap,  fish-oil-rosin  soap  and  tobacco  decoc¬ 
tion.  Richards  and  Sharma  (1933)  recommend  a  decoction  of  one  pound  of  tobacco 
in  10  gallons  of  water  to  which  a  pound  of  fish-oil  soap  is  also  added,  or  a  kerosene 
emulsion  at  the  rate  of  1  to  50.  These  should  be  sprayed  on  the  foliage  when  the 
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hoppers  appear  and  once  a  week  for  a  total  of  at  least  three  applications.  Ballaid 
(1915)  reported  good  results  from  spraying  once  in  ten  days  for  about  three  months, 
with  either  fish-oil  soap  or  crude  oil  emulsion,  but  Burns  and  Prayag  had  no  sue* 
cess  with  the  latter  at  the  Ganeshkhind  garden,  and  recommend  a  fish-oil-rosin  soap 
spray.  In  the  Punjab  such  spraying  during  the  flowering  season  was  found 
dangerous,  and  spraying  in  the  early  morning  in  the  winter,  when  the  hoppers  are 
numb,  with  either  crude  oil  emulsion  or  rosin  wash,  has  been  recommended.  Sen 
(194C)  in  addition  to  other  methods,  suggests  a  spray  made  by  boiling  60  soap  nuts 
in  about  a  gallon  of  water  and,  after  straining,  diluting  in  12  to  15  gallons  of  water 
Rahman  (1946)  recommends  spraying  in  the  early  morning  from  December  15  ta 
February  7  with  rosin  compound,  made  by  boiling  6  lbs*,  of  third  grade  rosin,  and  1  lb. 
of  washing  soda  in  just  enough  water  to  keep  it  from  burning  over  a  slow  fire,  and 
.  adding  more  warm  water  until  the  liquid  is  a  clear  deep  brown.  This  has  not  been 
entirely  satisfactory,  according  to  Sodhi  and  Batra  (1950)  who  secured  good 
lesults  with  a  single  spray  of  .15%  DDT  in  March,  which  was  effective  for  at  least 
five  weeks.  The  set  on  the  sprayed  trees  was  2.4  fruits  per  inflorescence  after  5  weeks 
m  1948  and  4  after  6  weeks  in  1949,  compared  with  .5  and  .2  on  unsprayed  trees. 
Spraying  in  May  reduced  the  population  from  3.19  per  square  inch  to  .12  after  48 
hours.  The  cost  of  spraying  300  large  trees  was  Rs.  192-10-0,  of  which  Rs.  162 
was  the  cost  of  the  DDT,  no  charge  being  made  for  the  use  of  the  power  sprayer. 
Latif  and  Qayyum  (1950)  also  found  DDT  the  only  satisfactory  insecticide 
against  mango  hoppers  in  the  Punjab.  They  report;  the  killing  of  practically  all 
nymphs  and  adults  by  spraying  with  one  pound  of  Guesarol  550  (50%  DDT  in  wet- 

W,laysVder)  300  lbS'  °f  "ater'  S?me  reSidUal  effect  Was  |,resent  for  al  least 


This  same  DDT  preparation  at  the  rate  of  0  or  7  gallons  pter  tree,  was  fount 

:Z  rT  S0aplnm  C,hn’  SUlphUr’  °r  Gamme*a»e  by  Roy  and  Ran 

1950-51  at  a  cos^oTr's 'l 312^f n°0t  manSf°  !n  Plpar  were  treated  this  way  ir 
’ti  ,  12  0  l>er  tree-  of  which  >he  owner  of  the  tree  paid  only  foil, 

annas.  They  estimated  that  if  the  20  lakhs  of  mango  trees  in  Bihar  were  sprayed 

the  value  of  the  crop  would  be  increased  by  five  crores  of  rupees.  However  a  wore 
Of  can  ton  ts  needed.  While  DDT  is  undoubtedly  very  effective  against  ho^r 
also  kills  many  other  insects,  including  parasites  and  predators  of  harmful  insects 

damaged  7“in7cT  Whereve7his7„ sTJde  T  'T  h""  S'Vere'! 
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than  spraying  with  soap  and  rosin,  and  recommend  it  I  ”7  f Sulta 

natak  where  the  common  species  is  /.  clyneaL  wh-  l"  -  Ko"kan  an<i  Ka>- 

ceptihle,  it  is  sufficient  to  dust  three  or  four  tCes  at  ,e  d ''  •' “n’Paratively 
when  the  trees  start  flowering.  Two  pounds  of  s„l  I  d3y  lntervals’  bt-ginning 
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I.  niveosparsus  is  found,  8  to  10  dustings  are  required.  If  rain  washes  off  the  sul- 
phur  before  there  have  been  three  or  four  days  of  sunshine,  the  treatment  must  he 
repeated.  Dusting  on  dry,  moderately  warm,  still  days  is  most  effective,  and  the 
sulphur  should  be  fine  enough  to  pass  through  a  300-mesh  screen.  The  cost  at  pre- 
wai  pi  ices  v\as  about  10  annas  to  Ks.  1-8-0  per  tree,  but  thte  increased  production 
frequently  gave  a  net  return  ol  Ks.  4  to  5.  Close  planting  of  the  trees,  and  the 
presence  of  weeds  during  the  flowering  season  make  control  more  difficult.  The 
sulphur  not  only  acts  as  a  deterrent  against  the  hoppers,. but  also  prevents  or  con- 
tiols  the  powdery  mildew  which  is  often  partly  responsible  for  the  failure  of  the 
crop. 

Other  Insect  Pests 

Another  pest  which  sometimes  does  great  damage,  is  the  stem  borer,  the  grub 
of  a  large,  long-horned  beetle,  Batocera  rufomaculola  (rubus,  rubra,  rubiginosa, 
cruentata) .  The  eggs  are  laid  in  chinks  in  the  bark,  and  the  young  borer  makes 
straight,  zigzag  or  spiral  tunnels  in  the  bark,  and  later  bores  into  the  wood.  If 
neglected,  this  pest  may  not  only  destroy  many  branches,  but  actually  kill  the  tree 
Kahman  (1946)  recommends,  as  measures  to  prevent  attack,  the  destruction  of 
severely  infested  trees,  wrapping  1  j  1 6  inch  mesh  wire  gauze  loosely  around  the  trunk 
of  the  tree  in  July  and  August,  when  the  eggs  are  laid,  and  the  collection  and  destruc¬ 
tion  of  the  adult  beetle.  Control,  especially  in  the  early  stages,  is  not  difficult.  The 
tunnels  may  be  found  by  noticing  the  hard  dry  pellets  of  excreta  which  are  pushed 
out  of  the  opening,  or  by  tapping  the  trunk  and  branches.  At  first  the  grubs  can  be 
scooped  out  with  a  knife,  or  destroyed  with  a  stiff  wire.  Later,  when  it  is  difficult 
to  force  a  wire  to  the  end  of  the  tunnel,  the  grubs  can  be  killed  by  putting  kerosene, 
carbon  bisulfide,  tar,  turpentine,  or  a  mixture  of  creosote  and  cholorolorm  into  the 
hole  and  closing  it.  Rahman  also  recommends  placing  one  or  two  grains  of  potas¬ 
sium  cyanide  in  the  tunnel. 

Fruit  flies  are  not  as  serious  pests  in  India  as  in  some  countries,  but  some 
damage  is  caused,  especially  in  the  South.  Unfortunately,  the  better  varieties  are 
more  subject  to  attack  than  the  poor  ones.  The  flies  are  slightly  larger  than  the 
common  house  flies,  and  of  a  reddish  brown  colour,  marked  with  black  and  yellow, 
The  eggs  are  laid  just  under  the  skin  of  the  ripening  fruit,  and  the  larvae  burrow 
around  in  the  pulp,  making  it  unusable.  They  emerge,  drop  to  the  ground  and 
pupate  in  the  soil.  Ayyar  (1940)  says  that  about  half  a  dozen  species,  chiefly  of 
the  senus  Chaetodacus ,  have  been  noted  attacking  mangoes  in  Madras.  The  nomen¬ 
clature  is  somewhat  confused.  One  species  frequently  attacks  many  kinds  of  fruits, 
and  so  may  be  given  several  common  names.  The  term  mango  fruit  fly  has  been 
applied  to  Dacus  dorsalis  and  to  Chaetodacus  (Dacus,  Strumeta)  ferrugmeus,  w  ic 
may  be  the  same  fly  as  is  called  Chaetodacus  \jerrugineus  var.  dorsalis ,  Another 
species  which  seems  to  be  of  less  importance  is  C.  zonatus.  The  peach  fruit  } 
which  Rahman  (1946)  says  is  most  destructive  to  mangoes  and  guavas  as  well  as 
peaches  in  the  Punjab,  is  probably  one  of  these.  In  other  countries  mangoes  are 
damaged  by  the  Mediterranean  fruit  fly,  Ceratiiis  capitdta;  the  Queensland  fruit 
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fly,  Strumeta  ( Cliaetodacus )  tryoni;  the  Mexican  fruit  fly,  Anastrepha  ludcns;  and 
the  melon,  cucurbit,  or  cucumber  fruit  fly,  Chactodacus  ( Dacus )  cucurbitac.  The 
last  is  reported  by  Rahman  (1944)  as  being  common  in  the  Punjab,  and  may 
attack  mangoes  there.  There  is  no  practicable  method  of  controlling  the  adult  fly, 
but  the  numbers  can  be  greatly  reduced  by  collecting  the  attacked  fruit,  before  or 
as  it  falls  from  the  tree,  and  destroying  the  larvae  by  boiling  the  fruit  or  burying 
them  deeply.  As  there  are  five  or  six  broods  in  a  season  it  is  obvious  that  the  des¬ 
truction  of  the  first  brood  is  of  greatest  importance.  If  green  mangoes  which  fall 
from  the  trees  a  fortnight  before  harvest  are  punctured  and  left  under  the  trees, 
some  of  the  flies  will  be  attracted  and  will  lay  eggs  in  them.  They  can  later  be 
collected  and  destroyed.  Rahman  (1946)  also  recommends  stirring  the  soil  to  des¬ 
troy  the  pupae  and  spraying  1  lb.  of  lead  arsenate,  2  lbs.  of  molasses,  and  about 
6  gallons  of  water  on  a  small  patch  of  foliage  or  on  a  board  hung  horizontally  in 
the  tree,  once  a  week  or  oftencr  from  June  to  August. 


The  giant  mealy  bug,  or  mango  white  bug,  Drosic/ia  ( Monophlebus )  stc6~ 
bingi,  occasionally  causes  damage  in  northern  India,  but  as  it  produces  only  one 
•generation  in  a  year,  it  is  ordinarily  not  of  much  importance.  It  feeds  on  as  many 
as  62  different  plants,  of  which  the  mango,  citrus  fruits,  jujube,  and  guava  suffer 
most,  accoiding  to  Kahman  and  Latif  (1944).  The  soft,  white,  slow-moving  in¬ 
sect  is  to  be  found  on  the  tender  shoots,  from  February  to  May  or  June,  sucking 
the  juice.  The  adult  female,  about  half  an  inch  in  length  and  covered  with  white 
wax,  ciawls  down  the  trunk  at  the  end  of  the  season  and  lays  her  eggs  in  the  ground. 
! lle  wmSed  ma,le  aduIt  is  also  seen  at  this  time.  The  eggs  remain  in  the  ground  until 
the  following  January  or  February,  when  they  hatch  and  the  young,  which  are 
blown,  crawl  up  the  trunk  of  the  tree.  They  have  many  eriemies.  Rahman  and  Latif 
[J944^  re.P®f  that  in  LyallPur  an  unidentified  Dipterous  parasite  is  common  in 
a  arf  anjd™ay’  10%  °f  the  nymphs  co!'ected  on  March  25  being  parasitized.  In 
.P.n  ,and  May  a  species  of  Phygctdeuon  oviposits  in  the  nymphs.  They  mention 
oglu  insect  predators,  and  state  that  the  common  babbler  also  feeds  on  the  females 
and  nymphs  in  March  and  April. 

A  fair  degree  of  conlrol  may  be  secured  by  hand  picking  of  the 
’T  m  I  he  case  of  small  trees,  and  the  capture  of  the  adult  females  by  means 
of  a  trench  with  a  steep  outer  wall,  around  the  trunk  of  the  tree  G  eas  d 

bra^r'l  '  ,n"’k  7  Ihe  T,rly  S"ri”g  P™""'  >h<=  y°u"g  from  reaching  the 

1935  d6  and  193T’k,  f  ^  ' *  of  Agriculture  for 

banding  the  trees.  Many  eggs  cT“royed 'I'^cul'b'  "T  tT  •  <'0Ubled  ^ 

trees  after  the  monsoon.  Rahman  and  Latif  (1941)  reporVfindin^Vssif  ""^l 

weeds  near  a  garden  in  which  the  trees  had  no,  I  ,  7?  f  ,  nym>>hs  011 

handed  trees.  fater,  hoUerMaVir'lS'tatirt lord,'18"'1®'1;  T'  ^  ^ 

bandnig  are  either  ineffective  or  temporary,  especiallv  ,1  eTT  *'  Tf  ’ypeS  °f 

•*ands  were  effective  until  the  bird*  and  «  •  .  y,  Stlcky  ones*  FluTy  cotton 

bands  two  inches  wide  lar  1  rele m  dT""  TV'*  “I'0"'  BUck  oil 

<bd  not  prevent  the  descent  of  the  adult  females" Tl"  h°m  d'mbj"S  tbe  ,ree-  but 

11  ,es<  TheY  recommend  a  material  call- 
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ner  r  Tl  •  7  Ce  3  SC  o°"  at  a  C0St  of  less  lha"  3,1  a"»a  3  reason 

«■  I,  1  fi‘S  IS  ‘r  1>artS'  Halt  “  P°und  °f  commercial  sulphuric  acid 

'Vth  a  S|;ec'fic  ?,atUy  °Af  U2  °r  "toi  with  a  pound  of ’castor  oil  and  stirred 
vigorously  lorms  part  A  which  is  kept  14  days  with  occasional  vigorous  stirring, 
lo  make  part  h,  2  lbs.  of  axle  grease  is  heated  and  to  it  2\  to  3  lbs.  of  powdered 
rosin  is  added  gradually  and  stired  until  the  rosin  is  dissolved.  It  is  then  removed 
from  the  fire  and  2  oz.  of  commercial  glycerine  is  added  and  it  is  stirred  and  allow- 
ed  to  cool  The  two  parts  are  mixed  as  required  for  use.  Some  caution  is  necessary 
in  using  this  mixture,  however,  for  when  it  was  applied  to  the  trunk  of  citrus  trees 
at  Allahabad,  serious  damage  was  caused.  Still  later,  Rahman  (1946)  recommends 
the  use  of  9-inch  bands  of  cotton  wool,  or  rope,  soaked  in  a  mixture  of  coal  tar  and 
crude  oil  emulsion,  or  in  three  parts  of  rosin  dissolved  in  one  p,art  of  rapeseed  oil. 
When  large  numbers  of  nymphs  collect  below  the  band  or  adults  above  it,  they  can 
be  removed  and  destroyed.  He  also  suggests  the  burning  of  the  rubbish  from  under 
tilt  tiee  and  the  use  of  the  top  4  to  6  inches  of  soil  as  litter  for  animals,  and  spray¬ 
ing  the  females  with  a  fish-oil  rosin  soap  solution. 


Related  to  the  mealy  bug  are  the  scale  insects,  of  which  several  species 
attack  the  mango.  Burns  and  Prayag  list  five  species,  of  which  Aspidiotus  destructor 
is  the  most  serious,  as  it  sometimes  covers  the  tender  parts  of  the  tree.  Ansari 
(1947)  refers  to  this  species  as  the  transparent  bourbon  scale,  common  on  many 
plants  in  India  and  sometimes  severe  on  grafted  mangoes  and  guavas.  He  states 
that  it  is  generally  kept  under  control  by  its  natural  enemies,  but  that  if  necessary 
to  use  other  methods  it  may  be  sprayed  with  4-4-50  Bordeaux  mixture  to  which  2 
to  3  pounds  of  fuel  oil  has  been  added,  or  with  a  rosin  wash.  He  indicates  the 
importance  of  the  inspection  of  nursery  stock  to  prevent  the  spread  of  this  scale. 
Berger  (1935)  recommends  spraying  with  an  oil-emulsion  or  miscible  oil,  prefer¬ 
ably  with  about  1%  of  white  oil.  He  found  spraying  with  1  lb.  of  fish-oil  soap  to 
6  or  8  gallons  of  water  less!  effective.  A  species  of  Coccus  (Lecanium) ,  perhaps  C. 
hesperidum,  has  been  found  on  mangoes  at  Allahabad.  Lcucaspis  indica  may  do 
considerable  damage  by  encircling  young  branches  under  a  black  mould.  Chionas- 
pis  dilatata,  Pulvinaria  psidii  and  Iccrya  seychellarum  are  given  as  less  serious 
pests.  Chionaspis  vitis  has  also  been  recorded.  Lai  (1950)  mentions  Pulvinaria 
polygonata ,  P.  pergandei,  and  Lcpidosaphes  gloverii  as  pests  in  Uttar  Pradesh,  but 
states  that  as  far  as  is  known,  they  attack  only  young  plants.  Rahman  and  Ansari 
(1941)  report  Aonidiella  aurantii ,  A.  orientalis ,  Parlatoria  olcae,  and  P.  Pscu- 
dopyri  as  also  occuring  on  the  mango.  The  remedy  suggested  for  these  is  a  rosin 
wash. 


A  bug,  Spilostelhus  pandurus,  attacks  a  number  of  fruits  in  South  Africa, 
and  is  reported  by  Ahmad  (1945)  as  a  fairly  serious  pest  of  the  peach  in  Jhelum 
district,  and  as  a  pest  of  mangoes  in  Agra.  It  sucks  jhice  from  the  fruit,  causing  it 
to  fall.  Little  is  known  of  its  life  history  or  control. 

The  mango  weevil  lays  its  eggs  in  the  stone  of  the  young  fruit,  and  the 
grubs  develop  and  pupate  in  it,  the  weevils  then  eating  their  way  out  through  the 
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pulp.  They  belong  to  two  species  of  Cryptorhynchus  (Sternochctus) ,  C.  gravis  be¬ 
ing  found  in  eastern  Bengal  and  Assam  and  also  in  Java,  and  C.  mangi ferae  in  South 
India  and  in  most  other  mango-producing  countries.  Control  is  possible  by  de¬ 
stroying  the  infested  fruit,  removing  all  litter  from  under  the  trees,  cultivation  and 
if  necessary  spraying  the  trunk  with  kerosene  emulsion  after  harvest,  to  kill  the 
weevils  hiding  in  the  bark. 

Another  species,  Cryptorhynchus  gonocneniis ,  is  reported  as  boring  in 
mango  twigs  in  Java.  Other  weevils  of  minor  importance  to  Indian  mangotes  are 
two  which  eat  the  leaves  in  Bombay,  Myllocerous  maculosus  and  Astycus  lateralis. 
A  species  of  Eugnamptus  is  said  by  Richards  and  Sharma  (1933)  occasionally  to 
cut  all  the  young  leaves  from  young  trees.  The  femal’e  lays  eggs  along  the  midrib 
and  then  cuts  the  leaf  so  that  it  falls  to  the  ground.  The  pest  can  be  controlled  by 
destroying  such  leaves.  Lai  (1950)  also  recommends  raking  the  soil  beneath  the 
trees  during  the  period  of  attack,  toward  the  end  of  the  rainy  season.  Myllocerous 
discolor  has  also  been  reported  feeding  on  young  mango  leaves. 


The  caterpillars  of  many  moths  are  found  on  the  mango,  but  in  many  cases 
the  damage  done  is  not  great.  The  mango  shoot-webbers,  the  caterpillars  of  Or- 
thaga  exvinacea,  are  reported  by  Cherian  and  Ananthanarayanan  (1943)  to  cause 
considerable  damage  to  the  leaves  of  the  mango  trees  throughout  Madras  State. 
They  can  be  controlled  by  hand  picking  the  infested  clusters  or  by  spraying  with 
calcium  arsenate.  The  bark-eating  caterpillars,  Indarhela  quadrinotata  and 
/.  tetraonis ,  are  much  less  serious  pests  of  the  mango  than  of  some  other  fruits.  A 
.shoot  borer,  Clumetia  transversa,  sometimes  kills  small  twigs.  Among  those  which 
eat  the  leaves  are  Cricula  trifenestrata,  which  defoliates  trees  in  lowe°r  Bengal  and 
Uurma  and  which  is  dangerous  to  handle  because  of  its  poisonous  spines;  Saluda 
'•elunna,  which  also  has  irritating  spines;  Parasa  lipida;  and  Euproais  scinlillans. 
These  can  be  controlled  by  use  of  a  stomach  poison,  if  necessary,  Aivar  (1943) 

calls  attention  to  three  cater . .  attacking  mango  inflorescences  in'  Travaucore, 

°  winch  a  species  of  Chloroclynis  is  considered  a  serious  pest  in  Travaucore.  The 
o  licrs,  which  are  potentially  serious  in  that  state  are  Eublemna  angulilcra  and 
Argyroploce  aprobola,  which  more  commonly  attacks  the  jambolan. 

Another  insect  eating  the  flowers  of  the  mango  has  been  reported  by  Banerji 
and  Chattert,  (1951)  This  is  a  shiny  blue  flea-beetle,  Ahica  (/Uco)  co eZZ 
-eems  to  be  limned  to  an  area  within  10  miles  of  Cosalra  in  the  21-Parganas  of 

destfuctive  T  ^  /  ""  ^  **  ^orc  «?-ri„g  and  are^ery 

Ida!, tinl  of  ^  “I  '°  al'°Ul  45%  °f  the  trees-  This  discourages  the 

°  mangoes  in  that  area,  and  presents  a  threat  to  other  areas.  & 

by  Lai  (1949/1950)^  "six  aTe  ca3  byCedd'flieT  tw  "b  P^Ld^  ^  *"**** 
unknown  pest.  The  most  common  is  a  C ecid  /Vo  i  ?  '  ^  0116  b*  an 

posits  in  March,  July  and  October.  Incubation  lastsT tTTd- Which  °vi* 
larval  and  pupal  stages  2  to  11$  months.  dyS  aiK  1  le  COnii)i»ed 
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other  j:™Tr  tnqT\  bla,med for  damage  i°  mans° *—  «  wci1  -  >o 

u I'  I  ,'  '  8enera"y  "I®  P'ants  are  first  wakened  by  some  other  agent, 

iv  vigorous  trees  are  seldom  attacked.  But  Lai  (1950)  says  that  trees  up 

o  three  years  of  age  are  often  injured  or  killed.  Good  cultivation,  irrigation 
and  such  deterrents  as  kerosene  emulsion  and  oil  cakes,  are  recommended.  ' 

Tlie  red  ant,  Oecophylla  smaragdina,  is  listed  by  Lai  (1950)  as  a  pest  of 
mango  and  other  fruit  trees  with  large  or  medium  leaves.  It  makes  nests  by 
sewing  many  leaves  together,  and  as  it  bites  viciously  when  disturbed,  it  inter- 
leres  with  harvesting  and  other  orchard  operations.  To  control  this  ant.  Lai 
suggests  the  persistent  destruction  of  the  nests.  Trehan  and  others  (1949) 
advocate  piercing  the  nests,  dusting  the  nests  and  then  dusting  the  entire  tree  with 
5%  Hexyclan  (0.65%  BHC)  or  Gammexane,  or  DDT,  with  added  sulphur  which 
keeps  the  tiee  fiee  from  ants  for  more  than  12  weeks.  Other  ants  are  harmful 

mainly  in  protecting  aphids,  scale  insects,  and  other  insects  from  their  natural 
enemies. 


Many  other  insects  have  been  found  on  the  mango.  Most  of  them  do  little 
or  no  damage.  Some  which  are  pests  in  other  countries  are  not  found  in  India, 
or  if  found,  seem  to  be  held  in  control  by  nature. 


Diseases 

While  it  is  clear  that  considerable  damage  is  done  to  mangoes  by  diseases, 
there  is  much  confusion  about  the  nature  of  the  dieases  and  the  best  means  of 
control. 

In  different;  parts  of  India,  and  in  other  countries,  one  of  the  most  serious 
diseases  is  caused  by  a  fungus,  or  a  group  of  fungi,  variously  named.  The  term 
anthracnose  has  been  widely  used  for  a  disease  caused  by  a  fungus  which  has 
been  known  as  Colleto trichum  glocosporioides.  It  attacks  leaves,  stems,  inflores¬ 
cences,  flowers,  and  fruits.  A  related  fungus,  C.  mangifera,  is  said  t0  be  the 
cause  of  mango  die-back,  attacking  only  twigs  and  branches,  in  the  United  Pro¬ 
vinces.  In  Bombay  a  similar  disease,  called  blight,  and  attacking  flowers  also,  is 
attributed  to  Gloeosporium  mangifera.  This  fungus  is  considered  the  most 
serious  in  Java  where  it  attacks  seedlings  and  fruit,  as  well  as  other  parts  of  the 
plant.  That  these  may  be  synonyms  for  one  disease  and  one  fungus  is  suggested 
by  Sattar  and  Malik  (1939),,  who  use  anthracnose  as  the  name  of  the  disease,  and 
Glomerella  cingulata  for  the  organism,  giving  Colleto  trichum  gloeosporioides  as  a 
synonym.  They  think  that  Gloeosporium  mangiferae  may  be  identical.  In  the 
Punjab  the  disease  was  first  reported  in  1934,  and  has  become  verv  serious  in  several 
districts.  The  optimum  temperature  for  the  germination  of  the  spores  was  found 
to  be  about  25°  C.  (77°F.),  and  the  spores  were  viable  after  two  years  on  twigs 
on  the  ground,  after  at  least  19  months!  on  twigs  on  the  trees,  and  after  14  months 
on  leaves  on  the  ground.  This  emphasizes  the  value  of  removing  all  dead  and 
diseased  leaves.  They  also  found  spraying  with  3-3-50  Bordeaux  mixture  effective 
in  nurseries,  but  had  not  tried  it  on  mature  trees.  Sattar  (1946)  states  that  the 
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young  plants,  which  are  very  susceptible,  should  be  kept  away  from  infected  trees, 
including  citrus  trees  suffering  from  withertip,  a  disease  which  may  be  caused  by 
the  same  organism.  He  recommends  spraying  all  mango  trees  in  inlected  areas  with 
Bordeaux  mixture  in  February,  April,  and  September.  Baker  (1938)  and  McKee 
(.1940)  found  that  freshly  prepared  1%  Burgundy  mixture,  sprayed  throughout 
the  season,  gave  good  control  of  the  disease.  Conover  and  Ruehle  (1949)  found 
bioquin-1  (copper-8-quinolinolate)  as  effective  as  Bordeaux  without  leaving  a 
visible  residue  on  the  fruit  at  harvest  time,  Both  methods  have  been  advocated 
by  other  writers  on  this  disease  or  group  of  diseases. 

Powdery  mildew  often  appears  during  the  flowering  season,  and  may  reduce 
the  crop  considerably.  The  fungus  has  been  called  Erysiphc  cichoracearum ,  or, 
where  the  perfect  stage  is  not  found,  Oidium  mangiferae.  The  disease  is  prevalent 
in  Bombay,  and  U.  B.  Singh  and  Garg  (1949)  report  an  outbreak  in  Lucknow,  said 
to  be  the  first  reported  in  Uttar  Pradesh.  Bains  during  the  flowering  season  en¬ 
courage  the  disease,  and  Raisinghani  (1945)  states  that  by  shaking  the  branches 
alter  each  rain  the  loss  in  the  yield  may  be  reduced  by  50  to  75%.  Sulphur 
ousting  is  a  fairly  effective  treatment,  and  as  mango  hoppers  are  frequently  present 
at  the  same  time,  one  treatment  serves  for  both.  A  fruit  rot  is  said  by  Verma  and 
Kamal  1 1951  )  to  aflect  about  a  fourth  of  the  fruits  each  year  on  seven  varieties  of 
mango  near  Lucknow.  The  varieties  Cola  and  Safeda  are  particularly  susceptible, 
first  there  is  a  yellowing  of  the  region,  followed  by  irregular  grayish  spots  which 
coalesce  to  form  a  dark  brown  or  black  spot  1  to  1£  cm.  in  diameter,  usually  on 
the  basal  part  of  the  fruit.  In  advanced  cases  there  is  a  depression  and  softening 
of  the  pulp,  and  when  the  stalk  end  is  affected,  the  fruit  is  likely  to  fall  prema¬ 
turely.  The  fungus  causing  this  rot  was  identified  as  Aspergillus  niger,  a  species 
previously  known  to  cause  rotting  in  storage.  Sooty  mould,  caused  by  Capnodium 
mangiferum ,  lives  on  the  excretions  of  the  hoppers  and  sometimes  of  aphis,  and 
controlled  by  killing  these  insects.  It  does  some  damage  bv  interfering  with  p 


ration. 


is 
espi- 


A  ripe- rot,  destroying  25-30%  of  the  crop  in  some  districts  around 
r.,;mhay  and  the  Konkan,  is  thought  to  be  associated  w,th  species  of  Aspergillus. 

'dia  and '  ITT  t™'  *  'he  r°'’  CaUSed  by  3  species  of  Lasiodiplo- 

- 

Patel  and  Pandhye  (1948)  report  a  soft  rot  of  °the  fruit  caused 

carotovorm.  Other  bacteria  are  also  r„„,  j  f  a  Y  BaCtenum 

Patel  and  others  (1948  A,  B)  report  a  bacterial  disease"  causing  nZtfc  spoTi 

,ender  r- ?  -  -- 

is  apparently  confined  to  South  Africa,  but  as  the  DathLTVfT'T  Which 

it  as  Pseudomonas  mangiterae-indica  Plnok  P  8  "  dlffered>  "’ey  described 
colum,  is  of  little  important  ZTt‘  as  h  i  ’  ?’  rT  ,Y  ooni- 

tbe  red  rust,  caused  by  an  aUa,  Cephaleuro  7^  *  SC3le  insect>  vvhile 

10  cause  much  damage.  °  P  os  mycoidea  (mresceps)  is  not  ti10ught 
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A  condition  which  occurs  fairly  commonly  all  over  India,  the  cause  of  which 
is  unknown,  is  called  abnormal  or  bunchy  inflorescence.  In  it  the  flowers  are 
crowded  on  short  thick  stems,  and  open  very  late  if  at  all  They  very  seldom  set 
hint,  but  sometimes  the  inflorescence  persists  and  becomes  vegetative.  A  whole 
l,ee  nia?  be  ^cted,  or  the  trouble  may  be  limited  to  one  branch.  No  insect  or 
disease  organism  has  been  discovered  associated  with  this  abnormality.  It  is 
thought  that  it  may  be  caused  by  a  virus.  Sattar  (1946)  states  that  it  is  increasing 
rapidly  in  the  Punjab,  where  several  forms  were  noticed.  In  the  severe  forms, 
any  fruit  which  may  set  drops.  Normal  fruit  is  sometimes  seen  on  a  branch 
which  has  malloimed  inflorescences,  and  a  branch  which  one  year  bears  abnormal 
inflorescences  may  bear  normal  ones  the  next  year,  or  both  types.  It  is  recommend¬ 
ed  that  the  abnormal  inflorescences  be  removed  and  burned.  A  somewhat  simi¬ 
lar  disease,  in  which  the  leaves  are  borne  in  rosettes  and  the  tree  is  stunted  is  called 
bunchy  top  by  Garg  (1951). 


ns  are 
as 


It  has  long  been  noticed  that  mangoes  grown  in  the  vicinity  of  brick  kilns  < 
frequently  damaged.  Pal,  Chatterjee,  and  Ranjan  (1937)  described  the  effects 
die  formation  at  the  distal  end  of  the  fruit  of  black  spots  which  gradually  harden, 
the  retardation  of  the  growth  of  the  fruit,  and  its  falling  before  maturity.  The  fruit 
was  found  to  be  physiologically  riper  than  tse  undamaged  ones.  The  tree  is  ap¬ 
parently  unharmed.  The  disease  is  referred  to  as  black-tip.  Sen  (1941  A,  B. 
1942  A,  B,  1943  A)  produced  the  disease  by  burning  coal  in  an  orchard,  with  no 
brick  kiln  within  three  miles.  In  a  survey,  he  found  that  black-tip  occurs  near 
kilns  in  Bengal.  Bihar,  Uttar  Pradesh,  and  the  Punjab,  mostly  in  the  lee  of  the 
kilns,  and  in  inverse  ratio  with  the  distance  from  the  kiln.  Although  different 
varieties  were  damaged  to  varying  degrees,  all  where  affected  when  growing  with¬ 
in  500  feet  of  a  kiln.  The  maximum  distance  at  which  damage  was  observed  was 
700  yards,  but  cases  of  damage  up  to  a  mile  away  were  reported.  In  Madras,  and 
other  sections  where  the  modern  type  of  brick  kiln  is  not  in  vogue,  the  disease  was 
not  reported.  He  found  that  it  could  be  produced  only  during  the  period  of  active 
development,  April  24  to  May  3,  those  treated  later  showing  only  a  tendency  to¬ 
ward  early  ripening.  He  recommends  that  where  there  are  kilns  near  orchards, 
the  chimneys  rise  at  least  50  feet,  or  the  kilns  be  not  operated  from  the  first  of 
March  through  the  mango  season.  Gupta  and  others  (1950)  wrere  able  to  produce 
the  disease  in  only  a  very  small  number  of  fruits  by  burning  coal  in  orchards,  and 
they  could  attribute  the  necrosis  to  none  of  the  commonly  known  harmful  constitu¬ 
ents  in  brick  kiln  fumes,  such  as  sulphur  dioxide,  carbon  monoxide,  and  ethylene. 
They  could  cause  symptoms  by  introducing  into  young  mangoes  the  sterile  juice  of 
mangoes  which  had  been  subjected  to  brick  kiln  fumes,  or  of  necrotic  fruits.  One 
fraction  of  the  ether-soluble  constituents  of  the  fumes,  as  yet  unidentified,  when 
dissolved  in  mango  juice  and  injected  into  fruit,  caused  necrosis.  This  work  seems 
more  likely  to  lead  to  a  solution  of  the  question  that  that  of  Ranjan  and  Jha  (1910) 
who  found  that  ethylene,  at  the  comparatively  strong  concentration  of  I:  1000,  pro- 
duced  characteristic  symptoms,  while  more  dilute  gas  caused  more  rapid  respira¬ 
tion,  increased  sugar  content,  and  softening.  Sulphur  dioxide,  with  oi  wit  out 
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ethylene,  had  a  similar  effect,  but  caused  the  general  condition  of  the  fruit  to 
deteriorate. 


Somewhat  similar  symptoms  are  described  by  Venna  (1950)  on  four 
varieties  growing  in  Uttar  Pradesh.  As  the  fruits  approach  maturity  the  tips  be- 
come  piematurely  j)ulpy  and  turn  dark  brown,  but  the  fruits  never  ripen  properly. 
It  is  said  that  a  fourth  of  the  total  crop  is  lost  in  this  way.  No  evidence  could 
be  found  of  any  fungal  or  bacterial  cause. 


The  grafted  mango  begins  to  bear  commercially  in  4  or  5  years.  Frequently 
younger  trees  will  blossom,  but  the  inflorescences  should  be  removed.  By  the  time 
a  tree  is  10  years  old  it  should  bear  300  to  500  fruits  in  the  years  of  heavy 
bearing.  Frequently  mature  trees  bear  1,000  to  1,500  fruits,  but  the  average  over 
a  period  ol  years  would  seldom  approach  that  figure.  Balakrishnamurti  and  Jogi- 
taju  arc  probably  closer  to  the  average  when  they  estimate  this  at  about  100  fruits 
I  hey  say  that  a  fairly  good  crop  is  200  to  300  fruits,  worth  about  Us.  6,  but  that  a’ 

W°  1>S-  2f  18  "°‘  “nco,nmon  wllere  good  care  is  taken  of  the  orchard.  Naik 
"  H7 II)  states  that  Madras  produces  about  855,000  tons  on  250,000  acres,  an 

cvn'cmV  I  l0"S  °r  9rA n"ds'  aCre‘  Indiv:dual  ,m's  sometimes  produce 
had  ''  ,'’8C  Cr0|’S'  B0ml,ay  lhcre  is  ™  record  an  old  seedling  tree  which 

l-.^din  i0  T  “  "n  ^  °f 

...  on  a,lcl  al  10  years  average  60  to  300  fruits  whiln 

five  times"hisenumbef  “  ’6°  '°  000  ^  S°"K  °rchards  yieldi''S  to 


Harvesting  and  Marketing 

for  home  consumption,  the  mango  may  be  illourd  •  I 
1)Ut  11  ^  ordinarily  harvested  while  still  firm  and  h  ‘  ,eC°me  Sf°ft  °M  t,lc  tree> 
The  firm  fruit  stands  shipping  well  although’  *  ^  ^  ”CCCSsar>’  for  the  lnai'Fct. 

tough  handling  it  sometimes  receives’.  Much  of  itr"  r  ’  ‘Tf '•  f  'l  r“ined  by  ",e 
(1947  A)  States  that  normally  about  21  000  to  "  fl,l,  y  lon8  dl5tances-  Naik 

some  of  this  fruit  wa„  as  far  as  the  NoTwesfr  "‘‘"n  ^  Mad"“-  F°™<=rly 
Fay  (Anon.  1938)  reports  fairly  sucre'  fit-  r°VlnCe  and  Bu™a.  Bom- 

Cupta  (1950.51,  report *  ‘ '£^1  'r  E"S'a"d-  S'  ^  «nd 

Kingdom  in  1950  by  air  This  ,  .  .  "  nPment  of  two  varieties  to  the  United 

beW  the  ahundaJjo  '  r  r:^  :8l'  y,P'f  ,al’la  *"  "*  part  of  £ 

Rented  to  he  only  a  .imbed  JZZ  I  Z £*.' ^  . «  price.  There’ 

Daselm  proved  superior  to  the  Khairi  whirl  1  rofitable  Price.  The  variety 

'nay  **  kept  in  straw  umi|  me^hX;uf  '‘T  “I6  "  ",e  SeaS°"-  T,'<-  fndt 

recommend  that  the  fruit  he  first  exposed  for  ‘°  *  ,iUr”S  a"d  1>rava? 

;;  f“*  four.inchaa  thick,  and  then  transferred  ,"7  ^  °"a  ,ayer  of  ™a"go  leaves 
they  remain  exposed,  ripening  is  delayed  Th  ,>referal,ly  a  single  layer, 
m  cat,  he  kept  at  room  temperatures  for  12  to  os'd  "‘atC  T  ^  riK-eninS>  ,he 

tdmanly  separated  from  the  stem  when  harvested  Th  r  7  T'le  fruit 
21  nested.  They  found  no  advantage 
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in  keeping  part  of  the  stem  attached,  or  in  waxing  the  stein  end.  Pope  in  recom¬ 
mending  similar  practices,  emphasizes  the  importance  of  good  ventilation  and  a 
faiily  uniform  temperature.  He  says  that  wrapping  the  fruit  in  tissue  paper  before 
•  ipening  improves  the  keeping  quality,  and  is  essential  if  one  is  to  place  mangoes  of 
the  highest  quality  on  the  market.  Wardlaw  and  Leonard  (1936)  also  recommend 
wrapping  the  fruit  in  moisture  retaining  paper  and  packing  it  in  two  layers  in 
wooden  boxes  padded  with  woodwool.  Berwick  (1940)  states  that  in  Malaya  the  fruit 
is  frequently  ripened  by  placing  it  in  baskets  or  boxes  lined  with  banana  leaves  and 
containing  calcium  carbide.  This  results  in  a  uniform  colour  in  two  or  three  days, 
but  is  thought  to  make  the  fruit  rather  insipid.  Marloth  (1947  A)  states  that  in 
South  Africa  mangoes  are  frequently  kept  in  piles  in  a  warm  place  for  a  day  or  two 
to  hasten  ripening  for  the  early  market,  but  that  such  fruit  is  always  heavily  infected 
with  the  “black  spot”  disease  before  it  reaches  the  consumer,  although  this  disease 
t  an  be  controlled  by  spraying  the  trees  with  Bordeaux  mixture  within  two  weeks  of 
harvesting,  or  dipping  the  fruit  in  a  4-4-50  Bordeaux  mixture.  He  reports  some 
Success  in  ripening  mangoes  picked  7  to  10  days  earlier  than  usual  with  careful 
handling  and  treatment  in  one  part  of  ethylene  to  5,000  parts  of  air,  with  a  tempera¬ 
ture  of  70  to  80  degreles  and  85  to  90%  humidity.  He  also  says  that  the  exudation 
of  juice  from  the  stem,  which  tends  to  mar  the  appearance  of  the  fruit,  can  he  largely 
avoided  by  picking  the  fruit  with  at  least  four  inches  of  the  stem  attached,  which  is 
removed  at  the  time  of  packing. 


Most  of  the  mangoes  shipped  in  this  country  are  packed  in  baskets,  but  these 
containers  are  not  entirely  satisfactory.  Light  boxes  are  used  in  some  countries, 
and  have  been  tried  in  India,  but  are  rather  expensive.  A  small  number  of  trunks 
and  wooden  boxes  are  used  in  Bombay  and  are  returned  at  reduced  rates.  But  both 
there  and  in  Madras,  the  common  package  is  a  bamboo  basket,  and  the  mangoes  are 
packed  between  layers  of  rice  .straw.  Such  baskets  generally  hold  from  50  to  100 
fruits.^  Little  or  no  sorting  or  grading  isi done, 'although  this  would  be  well  worth 
while.  The  Bombay  Mango  Marketing  Committee,  in  1925,  estimated  that  about 
20%  of  the  mangoes  entering  the  city  had  been  picked  so  green  as  to  be  worthless, 
and  another  20%  were  rotten.  This  large  loss  could  be  very  largely  avoided  by 
care  in  plucking  and  packing  the  fruit. 

Experiments  have  shown  that  some  varieties  of  mango  keep  quite  well  in  cold 
storage.  Pope  recorded  that  at  48°F.  mangoes  kept  well  for  15  days,  but  lost  their 
flavour  when  stored  for  a  month.  Cheema  and  Gandhi  (1926)  found  that  under 
favourable  conditions  mangoes  kept  perfectly  for  a  month,  and  ripened  in  six  days 
when  removed  from  cold  storage.  A  temperature  of  39°  or  40  was  found  bes. 
and  the  Alphonso  was  found  to  keep  somewhat  better  than  the  am  Banerjee  a"(| 
Kao  (1933)  similarly  reported  that  mature  green  mangoes  stored  at  40  to  , 

KOOh  humidity  ripened  in  from  3  to  5  weeks,  and  that  the  iipene  ruit.  c 
kept  10  to  15  days  at  the  freezing  point.  They  stress  the  need  or  care  u  an 
so  that  the  fruit  may  he  free  from  bruises.  They  succeeded  m  keeping  »»PPj|P 
in  good  condition  for  some  months  in  cold  storage,  in  acidfied  .  y.  up.  V 
mend  that  04%  of  sulphur  dioxide  be  added  to  the  syrup.  This 
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ervation  conserves  the  vitamin  content.  Wardlaw  and  Leonard  (1936)  secured  the 
best  results  with  one  variety,  the  Julie,  picked  just  before  softening  and  stored  at 
15°,  and  found  that  fruit  picked  when  less  mature,  in  order  to  lengthen  its  storage 
life,  had  to  be  stored  at  48°,  when  more  wastage  occurred.  Karmakar  and  Joshi 
(1940  A)  found  that  hard,  green,  properly  developed  fruit  kept  for  about  seven  weeks 
without  ripening  at  45°  to  48°  and  then  ripened  well  at  ordinary  temperatures.  Green 
mangoes  were  damaged  at  temperatures  below  45°,  and  ripe  ones  at  52°  and  lower. 
They  tested  28  varieties  and  found  the  Alphonso  to  behave  best  in  cold  storage,  as  it 
does  in  ordinary  storage.  Other  varieties  which  did  well  were  Peter,  Fazri  Zafrani, 
Pyree,  and  Kawasji  Patel.  Cheema,  Karmakar,  and  Joshi  (1939,  1950)  and  Cheema 
and  Karmakar  (1939)  add  that  fruit  of  the  Alphonso  ripened  at  68°  or  60°  con¬ 
tained  more  total  sugars  than  that  ripened  at  room  temperature.  They  found  that 
fruit  with  the  stalk  attached  emerged  from  storage  with  a  brighter  colour  but  de¬ 
veloped  brown  spots  where  gum  from  the  stem  touched  it.  Although  wrapping  the 
iruit  delayed  ripening,  no  wrapping  material  was  found  to  be  entirely  satisfactory. 
Tht  y  found  a  positive  correlation  between  the  acid  content  of  the  green  fruit  and  the 
length  of  storage  life.  Most  of  the  spoilage  in  storage  was  caused  by  Gloeosporium 
mangi  ferae.  Carbon  dioxide  forming  5,  10,  or  15%  of  tine  atmosphere  in  the  storage 
chamber  was  found  to  be  harmful  (Anon.,  1944  B). 


COOD  value 


The  mango  is  useful  from  the  time  the  fruits  are  small  and  green  until  they 
are  fully  Hpe.  This  is  an  advantage,  in  that  it  makes  it  possible  to  use  or  sell  the 
fruits  which  fall,  but  on  the  other  hand  the  crop  must  be  guarded  from  thieves  dur- 

chutnev°"S  T°"' ,  •  gTn  frUi,S  arC  UWd  in  curries’  I’ickles-  Preserves  and 
chutney,  and  are  dned  for  later  use  in  curries.  They  are  also  used  with  milk  and 

sugar  to  make  a  sauce  or  drink  known  as  mango  fool.  The  principal  use  of  the 

oMheTh  ‘S  38  a  'Cr'  .frUit>  'mt  **  iS  a'SO  "sed  in  The  juice,  particularly 

e  fibrous  varieties,  is  squeezed  out  and  dried  on  plates.  The  people  of  the 

according^rWilk^rilTK)6"  Thel^  ''T  C°'m,'y  Tt  n°Ur  ”'a<1e  fr°m  lhe  kerne,s' 

astringency  which  is  caused  by  tannin  Th  foo  t  1  16  removed  the 

Without  taking  into  consideration  !il  ^  ““P"*8  With  that  °f  rice’ 

no  toxic  substance  seems  to  be  present.  7 1^0^*^  ^  U^Hzable’  and 

where  it  is  made  it  is  a  stanle  fnnrl  *  f 1  11  1S  lellshed  by  all  in  the  sections 

- i. lr*T  “r  “j"” 

keep  long.  Ochse  says  that  in  Java  flour  k  A  r  *  T  manufactured>  does  not 
sort  of  porridge  with  cocoanut  milk  and  haMh  SCeds’  WWch  is  used  a*  a 

Kehar  and  Chanda  (1940)  report  on  work  A  '  ^  8  0  USed  in  a  s!^e-dish. 

Tzatnagar  on  the  value  of  the  kernels  as  c»nT  “f  T  V^terinaT  Research  Institute, 
Protein,  8.85%  ether  abstract,  S™°  -de 

.  basis.  Animals  took  two  or  three  weeks  t  •  6  Carboh?drate>  a  dry  matter 

rehshed  enough  provide  half  of  their  dige'sHMe  “pro’tei^  'V'™'-  but  ,at" 

t  i  rotein.  They  estimate  that 
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every  year  70  million  pounds  of  digestible  protein  and  700  million  pounds  of  starch 
are  available  m  tins  form,  and  are  now  largely  wasted.  Biological  tests  with  rats 
indicated  that  the  kernels  could  well  replace  60%  of  the  wheat  or  maize  in  the  ration. 


The  use  of  starch  from  mango  kernels  as  sizing  for  textiles  is  advocated  by 
Das  and  Banerjee  (1952).  They  estimate  that  a  million  tons  of  seeds,  containing 
700,000  tons  ot  kernels  are  available  each  year,  and  that  from  these  140,000  tons 
of  starch  can  be  prepared,  with  tannin  and  fat  as  by-products.  They  describe  a 
suitable  method  of  preparation. 


Mandlokar  and  others  (1951)  report  that  as  much  as  40%  of  the  fruit  of  a 
cheap  variety,  the  Raival,  grown  in  Bombay  and  elsewhere,  is  wasted,  and  that 
the  product  made  in  the  villages  by  warming  and  sun-drying  the  juice  and  pulp 
with  sugar,  in  shallow  pans  has  poor  keeping  quality.  In  an  experiment  on  a 
semi -commercial  scale,  hand-pressed  juice  of  fully  ripe  mangoes,  with  a  moisture 
content  ol  80  to  90%,  was  spread  to  a  depth  of  gth  inch  and  dried  for  from  4  to 
6  hours  at  temperatures  not  higher  than  50°C.  (122°F.).  It  was  further  dried  for 
one  hour  under  vacuum  at  50°C.  and  became  crisp.  The  addition  of  10%  sugar 
improved  the  taste.  Sulphuring  improved  the  colour  but  harmed  the  flavour.  \\  hen 
stored  in  air-tight  containers  the  product  remained  in  good  condition  for  more  than 
two  years. 


Various  parts  of  the  mango  tree  and  fruit  are  considered  to  have  medicinal  prop¬ 
erties,  and  some  varieties,  at  least,  are  excellent  sources  of  vitamins  A  and  C.  Ripe 
mango  contains  more  carotene  than  any  of  the  other  fruits  and  compares  well  with 
many  of  the  leafy  vegetables  according  to  Aykroyd  (1941).  Banerjee  and  Rama- 
sarma  ( 1 938 )  and  Ramasarma  and  Banerjee  (1941)  tested  30  varieties  at  Bangalore 
ind  found  a  great  deal  of  variation  between  varieties,  and  even  within  the  same 
varieties.  Small  mangoes  were  found  to  contain  a  higher  percentage  of  vitamin  G 
than  large  fruit  from  the  same  tree.  The  formation  of  carotene  and  ol  sugars  was 
greater  and  quicker  and  the  fall  in  vitamin  C  during  ripening  was  less  in  mangoes 
plucked  when  mature  than  when  immature.  Bajwa  and  Musahib-ud-din  (1946) 
reported  finding  200  to  600  mg.  of  ascorbic  acid  per  100  ml.  whereas  Bhutiam 
(1946)  also  working  in  the  Punjab,  found  only  13.2  to  <>0.,>  mg.  per  100  g.  in  seed 
lings  and  seven  named  varieties.  He  found  121.9  to  363.8  mg.  of  carotene  per  100  g. 
With  relation  to  both,  the  varieties  Dr.  King  and  Langra  stood  high,  while  the 
seedlings  were  lowest.  Mustard  and  Lynch  (1945)  in  Florida  found  that  ascorbic 
acid  in  32  varieties  ranged  from  8.8  to  107.4  mg.  per  100  g.,  the  amount  being  greater 
nearer  the  skin.  Munsell  (1946)  who  examined  two  fruits  of  each  of  26  varieties 
in  the  West  Indies  found  ascorbic  acid  varying  from  9.13  to  1 30.81  mg.  per  g 
Differences  within  a  variety,  even  with  fruits  grown  in  different  places,  were  found 
not  greater  than  9  mg.  per  100  g.  He  found  the  mango  relatively  rich  in  carotene 
riboflavin  and  thiamine.  Marloth  (1947  A)  reports  similar  findings  with  ascorbic  acid 
running  from  17  to  178  mg.  Miller  and  Bazore  (1945)  in  Hawaii  found  the  ascorbic 
U,i<l  content  to  vary  greatly  up  to  150  mg.  per  100  g.  in  the  half-npe  frurt  and  119 
in  the  ripe  fruit.  The  Pirie  was  the  only  variety  tested  for  carotene,  of 
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was  a  good  source,  and  thiamine,  of  which  it  was  only  fair.  This  variety  was  never 
found  to  contain  more  than  16  mg.  of  ascorbic  acid  per  100  g.  They  consider  a 
sauce  made  from  half-ripe  mangoes  a  good  source  of  this  vitamin. 

The  mango  can  he  canned  very  successfully,  as  far  as  the  quality  of  the  prod¬ 
uct  is  concerned.  Commercially,  the  industry  has  made  very  little  progress,  although 
it  seems  probable  that  under  efficient  management  a  very  good  trade  could  he  de¬ 
veloped,  both  internal  and  export.  Several  canneries  have  been  started  in  the  better 
mango  districts  of  India.  The  Bombay  Mango  Marketing  Committee  reported  in  1925 
that  there  were  three  lactories  in  that  Province  canning  mangoes,  one  with  an  output 
of  50,000  12-ounce  cans.  The  committee  gave  the  cost  of  canning  5,000  cans  as 
I*s.  2,050,  excluding  interest  and  depreciation,  while  the  receipts  were  Rs.  3,440. 
lhese  cans  retailed  at  Rs.  9  to  Rs.  11  a  dozen.  The  equipment  was  admittedly  poor, 
and  conditions  insanitary.  Ibis  may  explain  the  fact  that  ten  years  later  only  one 
cannery  was  operating  in  the  Province.  By  1942  there  were  again  three  factories, 
one  of  them  large,  according  to  Sayed  (1942)  who  considered  that  there  was  a  larre 
scope  for  the  industry,  but  that  government  subsidies  and1  trade  protection  w,  re 
necessary.  He  described  the  process  of  canning  slices  and  pulp  i«  some  detail. 

The  cost  of  canning  mangoes  on  a  small  scale  has  been  estimated  by 
Siddappa  (1952)  at  about  15  annas  per  A2£  tin.,  Such  tins  could  retail  at  Rs.  1-12-0 
each,  which  is  considered  a  reasonable  and  competitive  price.  He  found  that  about 

10  I  a  l  thC  frUi.t>  by  Weight’  could  be  niacle  into  slices  suitable  for  canning,  while 
p  trimmingS  and  SCrapin»s’  useful  for  jam.  He  calculated  on  costs  of 

'S'  a/ear  lnlerest  and  depreciation,  and  Rs.  2,400  for  overhead,  and  as¬ 

sumed  a  product, on  of  100  units  a  day,  25  days  a  month,  6  months  a  year.  These 
costs  thus  a mouited  to  four  annas  a  unit. 

/  (Uvea'S"":  TIT  "it  p;°;,r,1nng  "so<lasa  drinka"d- 

t  be*  results  are  secured^Ly Extracting *“«  "P"**  «■»*  the 
mixing  equal  parts  of  n  ,1„T?  ,  y  '  "  fr'"1S  W,th  a  PnlP™g  machine,  and 

acidily  of  the  finished  product  to  about  l  ' p  ‘  e"°"Sl'  ,  ‘°  l"  '""  ,he 

I  rate  of  .05%  (8  or  per  100  II, s  ‘of  r'  • t  T'’""  melab>aulphite,  added  at  the 

1 o,.  ,he  r  ^ ,hai1 

"ere  used,  those  from  some  districts  nrovm«  !  '  Seedltng  mangoes 

cost  per  24-ounce  bottle  exclusive  of  ^  supet tor  to  those  from  olhers.  The 

9  P'H  "i'h  the  fruit  costing  Rs.  4-8-0  a  matmd  ^  M  7 

The  composition  of  different  varieties  of 
•>  a.ly  i„  the  percentage  of  sugar,  which 
1  opt  ‘ 

thai 


'■  -  —  ■ — -^SSbsssmb  trfc 
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thought  that  it  is  the  persistence  of  this  substance  in  the  ripe  fruit  of  some  varieties 
which  causes  what  is  called  mango  poisoning’  in  some  persons.  Yamato,  Osima 
and  Goma  (1932)  give  separate  percentages  of  the  different  sugars,  reporting  5.5% 
sucrose,  4.9%  fructose,  and  1.5%  glucose.  They  also  report  .9%  xanthophyll  and 
.1%  carotene.  Miller  and  Bajore  (1945)  report  5,500  international  units  of  vitamin 
A,  much  more  than  found  in  any  other  fruit  grown  in  Hawaii. 

Of  the  varieties  tested  by  Cheema,  Karmakar,  and  Joshi  (1950),  the  Htem- 
sagar  and  the  Langra  contained  more  than  16%  total  sugar,  while  Kawasji  Patel 
contained  tine  least,  11.2%.  Reducing  sugars  varied  from  1.4  to  4.83%,  and  non¬ 
reducing  from  8.19  to  13.81%.  Acid,  taken  as  malic,  varied  from  .18%  in  Kawasji 
Patel  and  the  Alphonso  of  Ratnagiri  to  .56%  in  Fazri  Zafrani. 


Chapter  xiv. 


THE  CITRUS  FRUITS. 

Although  authorities  may  disagree  violently  as  to  the  history,  classification, 
nomenclature,  and  best  cultural  methods  of  the  citrus  fruits,  none  can  dispute  their 
importance,  both  from  the  point  of  view  of  the  size  of  the  industry,  and  as  deli¬ 
cious  and  wholesome  fruits.  In  acreage,  the  citrus  fruits  probably  rank  third 
among  the  subtropical  fruits  of  the  world,  with  more  than  2,000,000  acres,  as  com- 
pared°with  about  26,500,000  acres  of  vinifera  grapes  and  13,500,000  acres  of  olives. 
Statistics  about  subtropical  fruits  are  admittedly,  inaccurate.  In  Italy,  one  of  the 
most  important  producing  countries,  several  crops  are  frequently  grown  mixed  in 
the  same  orchard,  and  the  total  area  is  included  under  the  heading  of  each  fruit. 
Complete  statistics  are  not  available  for  much  of  the  world,  including  India. 


While  the  citrus  fruits  are  grown  in  tropical  and  subtropical  regions 
throughout  the  world,  the  leading  producer  is  the  United  States,  with  about  40% 
of  the  total  recorded  acreage.  Other  important  producers  are  Spain,  Brazil,  Italy, 
Japan,  China,  India,  and  Palestine.  In  some  countries  the  industry  is  growing 
rapidly,  but  in  Spain  production  decreased  markedly  during  its  civil  war  and  the 
second  world  war.  Palestine,  with  about  75,000  acres  of  fine  oranges  and  grape- 
fruit,  depended  almost  entirely  on  the  foreign  market,  and  also  suffered  heavily 
from  war  conditions.  In  spite  of  the  remission  of  taxes  and  generous  government 
loans,  about  10,000  to  12,000  acres  of  citrus  fruits  were  ruined,  and  as  large  an 
acreage  seriously  damaged,  according  to  Bajwa  (1946). 


The  estimated  acreage  of  citrus  fruits  in  the  different  parts  of  ^ ' 

cording  to  the  Report  on  the  Marketing  of  Citrus  Fruits  in  India,  was  m  1943. 
Madras,  31,270;  Madhya  Pradesh,  22,947;  the  Punjab,  17,150;  Bombay,  1  ^ 
Assam  14  025;  Coorg,  10,071;  other  provinces  and  states,  18.148.  N  y, 
tacharya  and  Dutt  (1945)  estimate  the  area  of  loose-skinned  oranges,  emons,  an 
limes  in  Assam  as  25,000  acres,  and  state  that  it  i»  rapidly 

on  the  plains.  In  the  Report  Uttar  Pradesh  is  credited  with  l’147  aCr^  ^  fw 

Chand  (1943)  found  1,692  acres.  Similar  errors  may  occur  tn  other  section,  t 
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which  there  are  no  accurate  statistics.  The  industry  is  growing  rapidly.  ihe 
area  in  Madras  increased  from  4,960  acres  in  1921-22  to  31,270  in  1939-40,  to 'more 
than  46,000  in  1949  (Naik,  1949).  In  Bombay  it  increased  from  7,306  in  IA>  -3 
Ij  16,400  in  1938-39  and  28,228  in  1948,  and  in  Madhya  Pradesh  the  acreage 
under  oranges  increased  from  7,937  in  1929-30  to  21,878  in  1939-40,  to  26,7o7  in 
1948.  Another  estimate  of  the  acreage  of  mandarin  oranges  in  M.P.  in  1948-49 
was  36,441,  with  2,689  acres  of  limes,  lemons,  and  Mosambi  oranges.  It  is  thus 
clear  that  in  spite  of  the  fact  that  most  of  the  important  citrus  industry  in  the 
Punjab  lies  in  Pakistan,  the  present  area  in  India  is  well  over  145,000  acres,  rather 
than  the  130,000  acres  estimated  in  the  Report. 


The  origin  and  history  of  the  citrus  fruits  are  not  fully  known,  the1  most  that 
can  be  said  with  confidence  being  that  they  are  natives  of  southern  Asia.  Some 
are  from  China  and  probably  some  from  India,  while  others  may  have  originated 
in  the  region  between  these  two  great  countries  and  in  the  Malay  Archipelago. 
Bhattacharya  and  Dutla  (1951)  suggest  that  one  species  in  Eucitrus,  the  sub¬ 
genus  containing  the  edible  forms,  Citrus  indica  and  three  species  of  Papeda,  C. 
iclmngensis,  C.  latipcs ,  and  C .  macro ptera,  are  definitely  indigenous  to  Assam. 
They  think  that  C.  aurantium ,  C.  megaloxycarpa ,  and  one  variety  of  C.  reticulata 
are  probably  indigenous  also.  The  spread  of  the  citrus  fruits  to  Europe  and 
other  parts  of  the  world  occurred  comparatively  recently,  and  even  in  modern 
times  western  botanists  and  pomologists  have  shown  slight  appreciation  of  the 
wealth  ol  species  and  varieties  which  occur  in  India  and  other  Oriental  countries. 
!Viany  of  the  problems  involved  in  the  history  of  the  citrus  fruits  are  discussed  by 
Tolkowsky  (1938)  in  his  large  volume  on  the  subject.  He  goes  into  great  detail, 
especially  in  dealing  with  these  fruits  in  Europe,  but  is  less  complete  in  the  sections 
Healing  with  Asia,  and  accepts  loo  uncritically  some  statements  regarding  the  oc¬ 
currence  of  certain  species  in  India. 

>  i 

:  ^  hile  De  Condolle  does  not  include  the  citrus  fruits  in  his  list  of  those  which 

have  been  in  cultivation  for  4,000  years,  there  seems  to  be  evidence  that  some  of 
them  have  been  cultivated  at  least  that  long  in  China.  Hu  (1934)  states  that 
Chinese  literature  written  as  early  as  2200  B.  C.  refers  to  the  cultivation  of  some 
species  of  citrus.  There  was  intercourse  between  India  and  China  in  very  early 
times,  and  citrus  fruits  may  have  been  carried  from  one  country  to  the  other  or 
iOm  other  points  to  both,  before  the  earliest  records. 


,  The  c"ron  seems  10  have  had  the  most  western  origin  of  any  of  rhe  citru 
•  ruts,  and  has  commonly  been  considered  a  native  of  India.  This  was  the  first  o 
these  fruits  to  reach  Europe.  The  Greeks  found  citrons  growing  in  Media  an 
rsta,  hence  the  name  Curus  medica.  They  were  probably  growing  in  Persi 

1:;:;,“  cr  ^  G-vvhe  **  kc.. 

abom  310  B  c  A?,hT7  ‘  Y  ,  eek  b0taniSt  Theo')hrastes.  »ho  wrot 

TI  1  !  hat  lme  11  ‘Apparently  did  not  grow  as  far  west  as  Babvloi 

eopl hrastes  s  report  that  there  were  some  flowers  without  pistils  which  develope 

-  fruit,  ts  perhaps  the  earliest  record  of  this  phenomenon  in  the  history  of  botany 
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.'O  O  III  emus  I  nut  was  known, to  the  Europeans  at  that  time.  Some  authors  have 
acitpied  the  Jewish  tradition  that  the  ‘fruit  of  a  goodly  tree',  mentioned  in  the 
hook  of  Leviticus,  was  the  citron,  and  have  placed  its  introduction  into  Palestine  in 
tue  sixth  century,  B.  C.  This  view  is  refuted  by  Tolkowsky  (1930,  1938)  who 
minks  that  it  was  introduced  between  250  and  200  B.  C.  By  the  beginning  of 
tne  Christian  era  the  citron  was  used  in  Jewish  ritual,  and  must  have  "been  pro- 

duced  in  large  numbers.  It  seems  to  have  spread  to  Greece  and  Italy  by  the  end 
of  the  third  century. 

It  is  frequently  staled  that  the  citron  occurs  wild  in  India,  on  the  basis  of 
reports  by  Wight,  Roxburgh,  Hoyle,  and  others  that)  it  was  found  in  the  NilgirJs, 
Assam  and  the  lower  Himalayas.  It  is  clear  that  fruits  classified  in  the  old  species 
medico  occur  wild  in  India,  hut  this  species  included  the  lime,  lemon,  citron,  and 
probably  other  types.  Watt  (*1908)  suggested  that  the  ‘lemons’  reported  grow* 
ing  wild  were  probably  limes,  but  in  his  sub-species  C.  medica  var.  acida,  he  in¬ 
cluded  the  jambiri,  kaghzi,  khatta,  and  other  types.  Even  if  botanists  of  the  19th 
century  found  the  citron  growing  wild,  it  docs  not  follow  that  it  is  indigenous  to 
this  country,  although  this  has  frequently  been  assumed.  As  it  seems  probable 
that  other  species,  of  more  value  than  the  citron,  were  indigenous,  it  is  difficult  to 
believe  that  these  were  left  behind,  and  the  citron  taken  to  Media,  Persia,  and  the 
West.  And  Bonavia  (  189Q.)  points  out  that  the  common  Indian  names  for  the 
citron,  turanj  (from  the  Persian)  and  bajotira  (from  Bajour  in  Afghanistan)  indi¬ 
cate  that  some  varieties,  if  not  the  whole  species,  entered  India  from  the  west.  The 
earliest  Chinese  description  of  the  citron  is  said  by  Tolkowsky  to  date  from  the 
4th  century  A.  f).  On  the  whole,  it  seems  most  probable  that  the  citron  originated 
in  the  area  north-west  of  India. 


The  lenfo'n  is  commonly  said  to  he  indigenous  to  India,  although  Bonavia 
reached  the  conclusion  that  it  originated  in  Malaya.  quotes  Rumphius  as  say- 

ijig  that  all  citrus  fruits  were  called  by  the  Malays  lemoen.  Bonavia  thought 
that  this  was  the  origin  of  the  Eriglish  word  and  that  the  species  probably  came 
from  the  same  region.  As  already  pointed  out,  there  has  been  much  1  confusion 
about  the  identity  of  the  citrus  fruits  reported  growing  wild  in  this  country.  The 
rough  lemon,  jamburi,  seems  to  occur  wrild  in  the  lower  Himalayas,  and  is  an  im¬ 
portant  rootstock  in  parts  of  the  country.  The  ordinary  lemon  of  the  West,  oh 
the  other  hand,  is  still  comparatively  rare  in  this  country.  The  so-called  hill 
lemon  is  more  likely  indigenous,  especially  if  this  is  the  ‘ puhari  kaguzee ’  or  hihari 
niniboo  of  Royle  (1839).  If  one  or  both  of  these  fruits  is  placed  in  the  species 
of  the  lemon,'  then  it  may  he  considered  probable  that  some  forms,  at  least,  of  the 
species  are  indigenous  to  India. 

The  introduction  of  the  lemon  into  Europe, has  generally  been  placed  in  the 
]0th  century,  as  suggested  by  Gallosio  in  his  classic  work  on  the  citrus  fruits  pub¬ 
lished  in  loll.  Tolkowsky,  however,  has  found  evidence  in  art  and  literature 
which  convinces  him  that  both  the  orange  and  lemon,  as  well  as  the  citron,  reached 
Europe  by  the  middle  of  the  first  century  A.  D. 
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The  lime  is  frequently  confused  with  the  lemon,  which  makes  it  very  diffi¬ 
cult  to  trace  its  early  history.  It  is  very  commonly  grown  all  over  India,  but  does 
not  seem  to  occur  wild.  Perhaps  the  most  probable  theory  is  that  of  Bonavia, 
that  it  also  originated  in  the  Malayan  region.  He  points  out  the  possibility  that 
both  the  English  word  ‘lime’  and  the  Indian  ‘ nimbu }  or  'limbii  may  have  come 
from  the  Malay  ‘ lemoert 

The  Oranges 


Again  in  the  case  of  the  oranges,  there  is  much  confusion,  as  at  least  three 
species  are  commonly  called  by  this  name,  and  it  is  frequently  difficult,  if  not  im¬ 
possible,  to  tell  which  one  is  meant.  The  sour  orange  was  probably  the  first  to 
reach  the  Mediterranean,  although  Tolkowsky  believes  that  both  sour  and  sweet 
oranges  reached  Europe  at  about  the  same  time,  in  the  first  century  A.  D  He 
thinks  that  the  fruits  mentioned  by  Mas’udi  as  having  been  introduced  from  India 
into  Oman  and  thence  into  Syria,  Palestine,  and  Egypt,  early  in  the  10th  century, 
were  merely  new  varieties.  This  reference  has  generally  been  taken  as 
the  first  record  of  the  orange  in  the  West,  and  it  is  thought  to  refer  to  the  sour 
orange,  which  was  well  established  in  Europe  before  the  end  of  the  15th  century.  It 
was  one  of  the  first  immigrants  to  America,  where  it  landed  in  the  15th  century,  and 
soon  escaped  from  cultivation.  It  thrived  so  well  that  many  have  supposed  it  to 
be  native  to  Florida.  As  to  the  Indian  origin  of  the  fruit,  there  is  some  doubt. 
Vi  ords  such  as  ‘narangi  and  ‘naranf  have  no  very  specific  meaning.  Hooker 
seems  to  have  been  the  only  earlv  botanist  to  report  sour  oranges  growing  wild  in 
India,  from  Garhwal  to  the  Khasia  Hills,  and  he  said  that  they  were  botanically 
nearer  the  sweet  than  the  sour  orange,  so  it  is  difficult  to  know  what  fruit  was 
meant.  Bonavia  thought  there  was  evidence  of  the  sour  orange  having  been  in 
South  India  from  prehistoric  times,  and  that  it  may  have  originated  there,  but 
that  more  likely  it  was  indigenous  to  China  or  Cochin  China.  It  is  not  commonly 
grown  in  China,  and  unless  Tolkowsky  is  right  probably  originated  further  south 
or  west  than  the  sweet  orange,  for  it  is  obvious  that  the  latter  would  have  spread 
westward  at  least  as  rapidly  as  the  comparatively  useless  sour  orange. 


•  r  l,  15  8eneral 1  y  a?r«d  that  the  sweet  orange  originated  in  southern  China  or 
C°j  ’ln  ‘  hma’  a|though  it  is  rarely  cultivated  in  China.  Bhattacharya  (1950) 
considers  the  Soh  N.angriang,  which  occurs  in  several  places  in  Assam,  a  sweet  or- 

nge  and  the  only  one  of  the  species  indigenous  in  Assam.  That  it  has  been 

Khali*  17  t\COnSiderab,e  MT,iS  lndiCated  V  the  fact  that  i,  is  taboo  to  o 

— > r  $ 
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eastern  Asia  where  it  must  have  originated.  7  6  S  a”y  P  “e  in 
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Many  have  regarded  this  as  the  first  introduction  of  the  sweet  orange  into  Europe, 
a  theory  to  wh.ch  we.ght  is  given  by  the  fact  that  this  type  of  orange  gets  its  common 
names  in  most  European  languages  from  the  name  Portugal.  Others  have  held 
that  the  sweet  orange  was  early  introduced  from  China  into  South  India,  and 
thence  to  Europe,  perhaps  two  centuries  before  the  time  of  da  Gama.  Webber 
(19. >9)  has  pointed  out  that  there  was  considerable  tra'de  between  the  ports  of 
China  and  India  as  early  as  the  13th  century,  so  that  it  seems  easily  possible  that 
the  orange  had  been  introduced  and  become  well  established  in  India  in  time  to  be 
taken  to  Europe  much  earlier  than  1493.  Tolkowsky,  of  course,  places  the  in¬ 
ti  oduct ion  ol  the  sweet  orange  into  Europe  in  the  first  century. 


If  the  sweet  orange  reached  South  India  before  it  reached  Europe,  it  seems 
not  to  have  spread  very  rapidly  in  this  country.  The  names  used  in  other  parts  of 
India  such  as  Malta  and  Mosambi  (from  Mozambique)  indicate  an  introduction 
from  the  ^  est.  E\en  in  Madras,  as  Ali  (1941)  points  out,  there  is  the  tradition 
that  the  Nagari  variety  was  introduced  by  Dutch  settlers.  Other  names  used  in 
the  South,  such  as  Chini  (probably  referring  to  sweetness  rather  than  to  China) 
and  Sathgudi,  give  no  indication  as  to  the  history  of  the  fruit.  The  name  Batavian 
su&Sests  l^at  at  least  one  variety  was  introduced  from  Java,  perhaps  at  a  compara¬ 
tively  recent  time. 


The  place  of  greatest  importance,  both  in  China  and  India  is  taken  by  the 
loose-skinned  oranges,  of  which  there  are  many  types.  Some,  at  least,  of  these  are 
of  Chinese  origin.  hile  loose-skinned  oranges  are  now  commonly  grown  in 
various  places  in  India,  their  spread  over  the  country  seems  to  have  taken  place 
since  the  time  of  Baber,  when  they  were  not  found  west  of  Bengal.  Their  impor¬ 
tance  in  the  hills  of  Assam  points  to  their  introduction  from  further  east.  Bona- 
via  makes  a  good  case  for  this  view,  suggesting  that  they  may  have  been  brought  by 
the  Shan  people  who  migrated  westward  from  Yunnan,  China,  and  reached  south¬ 
east  Assam  by  the  beginning  of  the  Christian  era.  The  loose-spinned  oranges, 
frequently  known  as  mandarins,  were  very  late  in  reaching  Europe,  arriving  about 
1828.  They  soon  spread  across  the  Atlantic,  but  in  neither  region  have  they  be- 
come  of  great  importance,  perhaps  because  they  do  not  stand  transportation  and 
storage  nearly  as  well  as  the  sweet  orange. 

An  interesting  illustration  of  the  danger  of  basing  history  on  nomenclature 
is  afforded  by  the  pummelo.  The  English  name,  with  its  variations,  is  derived  by 
some  from  the  Latin  ‘ pomum  meld  and  it  seems  quite  reasonable  that  such  a  large 
yellow  fruit  might  be  called  the  ‘melon  fruit’.  But  Bonavia  is  apparently  right 
in  deriving  the  name  from  the  Dutch  lp°rnelrnoes  ?  the  origin  of  which  is  uncertain, 
or  from  the  same  source.  Such  forms  as  'pumpelmuss ,  pompelmose ,  and 
‘oirnple  nose’  occur  in  the  early  English  literature.  Some  vernacular  names  such 
as  ‘papanas’  in  Bombay  and  ‘bambalinas’  in  Madras,  may  have  the  same  deriva¬ 
tion.  In  North  India  the  most  common  names  are  ‘mahtabi’  and  ‘ chakotra  >  and  for 
these,  again  certain  pundits  have  very  plausible  explanations.  The  former  is 
supposed  to  compare  the  fruit  to  the  moon,  ‘ mahtab %  while  * chakotra ,  is  said  to 


171 


THE  CITRUS  FRUITS 


(  crhjftv  a  wheel.  Bonavia,  on  the  other  hand,  derives  ‘mahtabi  from 
wJ  Tom  Batavia,  and  front  Jakatra,  the  -cien.  and  now  revtved 

name  for  Batavia.  If  he  is  right,  as  seems  likely,  this  is  an  indication  that 
pummelo  came  to  India  from  Java  where  many  varieties  are  now  cuhivated .  a i  - 
though  it  may  have  been  imported  from  other  regions  also.  De  Candolle  thouc 
that  the  species  originated  in  the  islands  east  of  the  Malay  Archipelago,  including 
Fji  and  the  Friendly  Islands.  Siam  produces  a  great  variety  of  pummelos,  in¬ 
cluding  some  very  good  ones.  This  indicates  that  they  have  been  grown  there  for 
a  very  long  time,  and  it  is  possible  that  they  originated  on  the  mainland  of  south¬ 
eastern  Asia,  rather  than  in  the  island  region.  Bretschneider  (1898)  on  the  other 
hand,  states  definitely  that  they  are  indigenous  to  China,  and  Tolkowsky  points  out 
that  they  were  mentioned  in  a  collection  of  Chinese  documents  written  between  the 
24th  and  8th  centuries  B.  C.  The  pummelo  seems  to  have  followed  the  sweet  or¬ 
ange  to  Europe,  where  it  has  never  become  important  except  as  the  grapefruit, 
which  is  thought  to  have  originated  as  a  variation  of  the  pummelo.  The  name  shad¬ 
dock,  sometimes  used  for  this  fruit,  is  said  to  have  come  from  Captain  Shaddock, 
whose  ship  was  one  of  the  first  to  take  the  fruit  to  the  West  Indies,  in  the  16th  century. 


Of  the  citrus  fruits  of  less  importance,  several  species  are  indigenous  to 
China,  and  others  probably  originated  in  the  general  region  south  and  west,  as  far 
as  India.  The  trifoliate  orange  and  the  kumquat  are  among  those  native  to  China. 


The  great  development  of  the  citrus  industry  has  come  in  modern  times.  In 
Europe  there  has  been  much  interest  in  citrus  fruits  since  they  were  first  introduc¬ 
ed,  and  greenhouses  were  first  built  to  make  it  possible  to  grow  oranges  in  northern 
Europe  where  it  was  impossible  to  grow  them  in  the  open.  But  commercial  plant¬ 
ings  were  small  until  transportation  facilities  developed.  The  Spanish  and  Portu¬ 
guese  settlers  in  the  new  world  apparently  took  citrus  fruits  with  them,  and  from 
these  developed  the  orchards  of  Florida,  where  St.  Augustine  was  established 
in  1655  and  California,  where  the  first  mission  was  started  at  San  Diego  in  1769. 
In  both  states,  commercial  production  assumed  importance  only  in  the  second 
half  of  the  19th  century.  These  two  sections  still  produce  the  bulk  of  the  crop, 
although  there  has  recently  been  a  large  expansion  in  Texas  and  some  citrus  fruits 
are  grown  in  other  southern  states.  In  South  Ameiica,  Brazil  is  the  most  impor¬ 
tant  producer.  Fruit  is  also  exported  from  the  West  Indies. 


South  Africa  has  a  rapidly  growing  citrus  industry.  The  first  European 
settlers  planted  a  few  trees.  According  to  Powell  (1930),  the  first  introduction  of 
orange  trees  was  in  1654,  but  the  large-scale  plantings  are  of  recent  date.  Aus¬ 
tralia  has  a  smaller  citrus  industry,  which  is  also  developing  steadily. 


In  India  also,  citrus  fruits  have  been  grown  commercially  only  in  modern 
•  mes,  al  hough  some  types  have  been  found  i„  gardens  for  "ages.  Eve7now 
ost  orchards  are  small,  and  seldom  devoted  exclusively  to  any  one  type  The 
mandarms  or  loose-skmned  oranges  are  the  most  important,  with  an  area  of  67W 
of  which  about  one  third  is  in  Madhya  Pradesh,  mainly  near  Nagpur,  accordin'* 
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of  As'  J  ■  he  M"ketlng  0f  Gtrus  F™‘s  (Anon.  1943  A).  The  Khasi  hills 

Jrdin‘,7  N  «r  r  lmp0rtant  “n11-6’  with  13.825  acres  (20,000  acres,  »c- 
cordmg  to  Nand.,  Bhattacharya,  and  Dull  (1943),  only  35%  of  which  was  in  bear- 

.  fro  'S  .C,reo  col  WltH  9,667  acres’  the  Puniab  with  7-326,  Madras  with 

f'lQ^f  1  m  ,’  ^nnyderabad  WHh  1,350  and  Ben"al  with  1-300.  Devaraian 

(1946)  claims  nearly  12,000  acres  of  seedling  mandarins  for  Coorg,  while  Naik 

(1949)  is  more  conservative,  estimating  more  than  10.000  acres,  while  he  credits 

Madras  with  8,000,  and  Mysore  with  1,000.  Sinha  and  Mallik  (1950)  report  that 

the  acreage  of  mandarins  in  Bihar  increased  steadily  from  879  in  1945  to  1,487 

in  1948.  It  would  thus  seem  that  even  without  the  Punjab  and  Bengal,  there  must 

be  more  than  80,000  acres  of  mandarins  in  India.  The  sweet  orange  stands  second 

in  respect  to  area,  with  a  total  of  27,521  acres  reported  in  1943.  Of  these,  10,996 

were  in  Bombay,  8,230  in  Madras,  and  6,683  in  the  Punjab,  By  1948  Bombay 

reported  20,402  acres  and  Naik  (1949)  estimated  15,000  in  Madras,  which  would 

bring  the  total,  without  the  Punjab,  to  36,814  acres.  Limes  are  grown  in  all  parts 

of  the  country,  with  a  total  in  1943  of  20,881  acres,  including  11,760  in  Madras, 

2.786  in  Bombay,  1,560  in  Bengal  and  1,546  in  the  Punjab.  Naik  (1949)  estimates 

16,600  acres  in  Madras  and  300  acres  in  Mysore,  while  Bombay  in  1948  had  2,569, 

so  the  acreage  has  not  decreased  in  spite  of  the  loss  of  much  of  the  acreage  in  Bengal 

and  the  Punjab.  There  were  4,100  acres  of  what  the  Report  calls  sour  oranges,  in 

Madras,  only  42%  being  in  full  bearing.  By  1949,  this  area  had  increased  to  5,000 

acres,  according  to  Naik.  This  is  not  the  true  sour  orange,  but  is  the  kichili  or  vadla- 

pudi  which  Tanaka  called  Citrus  maderaspatana.  Sweet  lemons  or  limes,  mainly  in 

the  Punjab  and  Madras,  occupy  2,200  acres.  There  were  said  to  be  1,475  acres  of 

pummelos  in  Madras,  Bengal,  and  the  United  Provinces.  L.  Singh  and  others  (1940) 

report  more  than  10,000  grapefruit  plants,  which  would  mean  about  100  acres,  in 

the  Punjab,  and  the  acreage  there  and  elsewhere  is  increasing.  The  grapefruit 

trees  planted  by  Mitchell  in  the  Punjab  in  1925  seem  to  have  been  among  the 

first  in  India. 

Classification 

No  more  complicated  problem  exists  for  the  systematic  pomologis  than  the 
classification  of  the  citrus  fruits.  Early  attempts  by  Europeans  resulted  in  very 
simple  classifications,  limiting  the  entire  group  to  about  half  a  dozen  species  in  one 
genus.  Such  classifications  not  only  group  in  one  species  such  diverse  forms  as 
the  lime  and  citron,  but  leave  out  entirely  a  large  number  of  fruits  which  occur  in 
Asia,  but  are  either  unknown  or  of  rare  occurrence  in  Europe  and  America.  Modern 
authorities  recognize  a  larger  number  of  species,  but  do  not  agree  as  to  how 
far  the  process  should  go.  Dr.  Tanaka,  the  eminent  Japanese  authority,  is  one  of 

die  most  extreme. 

Certain  reasons  for  the  chaotic  condition  are  apparent.  Very  few  scholars 
have  had  a  personal  acquaintance  with  the  whole  region  in  which  the  species  have 
originated;  many  have  seen  only  those  which  are  grown  in  the  West.  The  ten¬ 
dency  to  group  together  types  thought  to  have  a  common  origin  has  made  the  prob- 
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lem  more  difficult.  Nature  has  failed  to  co-operate,  for  whereever  the  boundary 
line  is  drawn  between  species,  intermediate  forms  are  likely  to  be  found.  Many 
of  the  characteristics  on  which  classifications  are  commonly  based  are  not  constan 
within  the  species.  New  forms  seem  to  occur  more  frequently  than  in  most 
genera.  Shamel  and  Pomeroy  (1937)  have  reported  1,341  striking  bud  mutations 
of  economic  significance  in  two  varieties  of  the  sweet  orange,  202  in  lemons,  32  in 
grapefruit,  and  68  in  other  citrus  fruits,  as  compared  with  394  in  apples,  154  in 
peaches,  95  in  grapes,  and  26  in  plums.  At  the  Fruit  Research  Station,  at  Kodur 
in  Madras,  13  bud  mutations  had  been  located  which  were  considered  desirable,  in¬ 
cluding  a  pink-fleshed  vadlupiodi.  Of  these,  seven  had  been  propagated.  Many 
hybrids  have  been  produced  by  artifical  cross-pol lination,  and  it  is  probable  that 
natural  hybrids  account  for  some  of  the  forms  which  seem  to  combine  characteris¬ 
tics  of  different  species.  The  khatta  nimbu ,  for  instance,  has  some  characteristics 
of  the  sour  orange,  and  tinted  flowers  such  as  occur  in  the  lemons,  citron  and 
Rangpur  lime,  but  not  in  any  orange. 


Variation  in  popular  names  is  fully  as  great  .as  in  the  botanical  names  which 
have  been  applied,  and  makes  it  difficult  to  know  what  fruit  is  meant  unless  it  is 
fully  described.  This  is  true  both  in  English  and  in  the  vernaculars.  The  terms 
‘lime’  and  ‘lemon’  are  frequently  used  interchangeably,  and  ‘lime’  is  used  for  a 
number  of  fruits.  ‘ Jambur i}  and  its  variations,  * narangi  and  ‘ khatta ’  are  also 
indefinite  terms. 


There  is  no  classification  which  has  found  general  acceptance,  and  it  is 
likely  to  be  some  time  before  pomologists  and  botanists  agree  on  a  solution  to  this 
complex  problem.  The  most  important  contribution  to  the  subject  in  modern  times 
is  the  chapter  by  Swingle  (1943)  in  the  monumental  work  on  the  Citrus  Industry 
by  Webber  and  Batchelor.  Walter  T.  Swingle,  of  the  United  States  Department 
of  Agriculture,  has  been  writing  on  citrus  fruits,  and  particularly  on  their  botanic¬ 
al  relationships,  since  1893,  and  has  studied  these  fruits  not  only  in  the  United 
Mates  but  in  most  countries  where  they  are  grown,  although,  unfortunately,  not  in 
India.  He  has  produced,  or  been  connected  with  the  production  of,  a  large  num¬ 
ber  of  hybrids.  He  is  therefore  uniquely  able  to  deal  with  this  subject. 


All  the  citrus  fruits  were  formerly  considered  members  of  the  genus  Citrus , 
but  modern  classifications  recognize  two  other  genera  of  the  family  Ridaceae. 
The  trifoliated l  orange  was  formerly  called  Citrus  trifoliata,  but  is  now  known  as 

felr  !tt  Ts  HAS  lhe  name  infateS>  U  has  a  comPou"<>  leaf,  with  three 

'a  ‘  T  ’ .Spmy  tree  ,an  inedible  fruit'  and  is  us«*  only  as  root- 
s  it  is  the  only  one  of  the  citrus  fruits  which  is  deciduous  if  *  a 

■till?  refore  n  t  s,ock  in  regions  “ 

V  15  almost  unkn°wn  in  India,  but  in  China  is  a  preferred  rootstock-  fov  r  • § 
rimtlar  to,  if  not  identical  with,  the  Nagpur  samara.  The  trifoliate  orange 'slema 
to  he  indigenous  to  central  or  northern  China.  '  S 

The  kumquats  comprise  the  other  new  genus  Fortune//,,  j 

a"iw  ••  c~  -•  -8 ««.  ts 
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fruits  which  are  juicy  and  acid,  but  with  a  sweet  and  edible  rind.  There  are  sever- 
a  species,  native  in  China,  the  more  important  being  F.  margarita,  the  oval  kum- 
quat,  an  F.  japonica,  the  round  kumquat.  They  are  of  very  little  commercial 
val„e  but  are  grown  occasionally  for  ornament.  The  so-called  kumquat  of  nor- 
tern  India,  the  hazara,  is  similar  to  the  true  kumquat,  but  is  the  calamondin,  which 
has  been  thought  to  be  a  native  of  the  Philippines.  It  has  been  classified  as 
Mrus.  rmcrocarpa  (milis) .  Swingle  (1943)  considers  it  reasonably  certain  that 
the  calamondin  is  a  hybrid  between  the  genera  Citrus  and  Fortunella,  probably 

between  a  sour  mandarin  orange  and  a  true  kumquat,  and  thinks  that  it  probably 
arose  in  China. 

The  genus  Citrus  contains  all  of  the  citrus  of  commercial  importance 
(except  some  that  are  used  as  rootstocks,  and  perhaps  some  inter-generic  hybrids) 
and  a  number  of  minor  fruits.  There  is  a  great  wealth  of  forms  growing  over 
large  parts  of  southern  Asia,  but  many  of  these  have  never  been  found  in  a  truly  wild 
condition.  Swingle  assumes  that  most  of  these  are  chance  hybrids  or  mutations. 
Some  of  the  hybrids  produced  under  carefully  controlled  conditions  are  so  different 
from  their  parents  or  from  any  other  types,  that  on  the  basis  of  appearance  alone  it 
would  be  necessary  to  classify  them  as  new  species,  or  even  genera.  Because  of 
polyembryony,  these  hybrids  come  true  from  seed  very  largely.  Swingle  has 
found  types  growing  in  Asia  almost  identical  with  some  of  these  known  hybrids. 
Cross  pollination  by  insects  is  not  difficult,  so  it  is  reasonable  to  suppose  that  the 
forms  similar  to  known  hybrids  am  likewise  hybrids,  the  result  of  insect  pollina¬ 
tion.  Others,  different  from  any  artificial  hybrids,  may  have  arisen  in  the  same 
way,  . 

Even  some  of  the  well-known  species  may  possibly  have  arisen  as  hybrids. 
Swingle  uses  the  term  ‘satelite  species’  for  a  species  of  doubtful  validity,  which  may 
be  a  natural  species  of  comparatively  recent  origin,  or  may  ge  a  chance  hybrid 
or  sport.  Further  investigation  may  lead  to  a  change  in  the  classification  of  such 
fruits. 

The  genus  is  divided  by  Swingle  into  two  subgenera,  Eucitrus,  containing  all 
the  edible  species,  and  papeda,  the  pulp-vesicles  of  which  contain  droplets  of  acrid 
oil,  so  that  the  fruits  are  not  very  edible.  There  are  also  distinguishing  charac¬ 
teristics  of  the  leaves  and  flowers. 

Of  all  the  citrus  fruits,  the  citron  is  probably  the  least  subject  to  dispute. 
All  authorities  accept  the  Linnaean  name  C.  medica,  from  Media,  the  ancient  coun¬ 
try  corresponding  to  part  of  modern  Iran,  where  the  Greeks  first  saw  the  citron. 
This  is  a  small  tree  with  an  indistinct  trunk  and  straggling  branches.  It  is  thorny, 
with  large,  glabrous  leaves  which  are  tinged  with  purple  when  young.  Typically, 
they  are  not  articulated,  but  this  character  seems  not  constant.  The  flowers  are 
large  and  before  opening  they  are  frequently  curved.  The  outside  of  the  petals  is 
generally  purplish.  Frequently  the  flowers  are  unisexual.  The  fruit  is  large, 
yellow  and  frequently  very  rough,  with  a  very  thick  rind  and  scant  juice  which 
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may  be  acid,  or  in  varieties  with  white  flowers,  somewhat  sweet.  The  fruit  is 
used  mainly  in  the  preparation  of  candied  peel. 

Linnaeus  and  other  early  writers  included  with  the  citron  in  the  species 
medica ,  the  lemon  and  lime,  but  most  modern  authorities  give  these  separate  specific 
standing.  The  lemons,  especially,  have  much  in  common  with  the  citron,  hav¬ 
ing  a  similar  style  of  growth,  similar  leaves,  except  that  they  are  ordinarily  arti¬ 
culated,  and  rather  similar  purplish  flowers.  The  fruit  is  quite  different,  howr 
ever  being  smaller  and  having  a  thin  rind  and  plentiful  acid  juice.  The  fruit  is 
three  to  five  inches  long,  oblong  or  ovoid,  with  a  terminal  nipple.  The  leinon 
was  first  called  C.  medica ,  var.  limonum ,  but  most  recent  classifications  called  it  C. 
limonia.  However,  Tanaka  pointed  out  in  1924  that  the  fruit  which  Osbeck  describ* 
ed,  and  to  which  he  gave  this  name,  was  not  the  ordinary  lemon,  but  the  Canton 
lemon  or  Rangpur  lime,  a  very  different  fruit.  Swingle  agrees  that  Osbeck  was 
not  describing  the  true  lemon,  although  he  says  that  the  plant  described  was  the 
white,  not  the  red,  lemon  of  the  Cantonese,  both  of  which  he  considers  hybrids. 
Both  Tanaka  and  Swingle  accept  C.  limon  for  the  lemon,  but  the  latter  considers 
this  species  a  satellite  of  the  citron,  and  thinks  it  may  possibly  have  arisen  as  a 
hybrid,  perhaps  of  the  citron  and  lime.  The  relationship  of  the  trus  lemon  and 
the  jamburi  or  rough  lemon,  is  not  clear.  One  may  be  a  hybrid  or  sport  of  the 
other.  They  differ  in  the  vigour  and  form  of  the  tree,  in  their  resistance  to  certain 
diseases,  and  in  the  form  of  the  fruit.  The  rough  lemon  is  not  readily  market¬ 
able,  because  of  its  appearance,  but  is  serviceable  for  home  consumption.  Be¬ 
cause  of  its  vigour  and  disease  resistance,  it  is  widely  used  as  a  rootstock,  both  in 
India  and  in  other  countries.  It  has  been  placed  by  Lushington  (1910)  in  a 
separate  species,  C.  jambhiri,  but  this  is  not  recognised  by  Swingle  or  by  most 
other  authorities. 


There  seems  to  be  less  justification  for  classifying  the  lime  as  C.  medica , 
var.  acida,  as  Linnaeus  did.  It  is  now  recognised  as  C.  auranti folia.  While  there 
are  intermediate  forms  between  the  lime  and  the  lemon,  the  typical  lime  is  a  more 
bushy  tree  with  smaller  leaves  not  more  than  slightly  tinged  purple  when  young, 
and  with  winged  petioles.  The  flowers  are  small  and  pure  white,  and  the  fruits 
round  or  oval,  sometimes  mammillate,  and  not  more  than  two  inches  in  diameter. 
The  rind  is  thin,  and  the  pulp  greenish,  as  compared  with  the  pale  yellow  pulp  of 
the  lemon.  The  flavour  is  also  slightly  different.  The  Tahiti  lime  differs  markedly 
from  the  common  one,  having  a  larger  fruit  which  remains  green  in  colour,  grow- 
mg  on  a  tree  with  larger  leaves  and  much  of  the  appearance  of  the  sweet  lime 
Webber  (1943)  thought  it  might  be  a  hybrid  or  even  a  distinct  species.  It  is  a  trip, 
loid,  and  produces  no  pollen.  Even  when  cross  pollinated,  it  produces  very  few 
seeds,  according  to  Krug  and  Bacchi  (1943),.  It  is  believed  to  have  arisen  from  a 
seed  of  an  ordinary  lime  imported  into  the  United  States  from  Tahiti.  It  is  orown 

produced  by  crossing  the  tetraploid  Fortwtf#  'hindsi  'which  The 
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subgenus  ProtocUrus,  with  the  diploid  limequat  which  is  a  hybrid  between  th» 
round  kumquat  and  the  lime.  These,  are  called  procimequats  because  of  this  origin' 
Iro  (to,  c(itrus  x  1)  imequat.  The  lime  and  lemon  are  used  for  much  the  sami 
purposes,  for  mak.ng  refreshing  drinks,  for  pickles,  and  in  cooking.  In  Europe  and 
America  the  lemon  is  much  more  important,  but  in  India  the  lime  is  more  popular 

pro  ably  because  the  lemon  suffers  from  sunburn.  Both  are  more  tender  to  frost 
t»ian  most  species  of  citrus  fruits. 


There  are  a  number  of  more-or-less  lemon-like  fruits  which  are  occasionally 
grown  m  India  but  which  have  not  been  thoroughly  studied.  The  hill  lemon,  or 
galgalf  has  lea\es,  flowers,  and  fruits  which  are  considerably  larger  than  those  of 
the  common  lemon.  It  also  differs  in  bearing  only  one  crop  a  year,  whereas  the 
common  lemon  flowers  throughout  the  year.  The  common  lemon  is  rather  sensi¬ 
tive  to  extreme  temperatures,  while  the  hill  lemon  is  more  hardy  to  both  heat  and 
cold.  The  hill  lemon  bears  large  crops  of  fruit  of  excellent  quality,  and  seems  to 
deserve  more  extensive  planting.  It  is  doubtful  if  it  should  be  kept  in  the  same 
species  as  the  common  lemon. 


Juice  resembling  that  of  the  lemon  is  found  in  types  with  large  round  fruits 
and  with  foliage  which  does  not  always  resemble  that  of  the  lemon.  Some  are  of 
good  quality.  The  amilbed,  which  Bonavia  included  with  the  pummelo,  is  of  less 
value.  The  fruit  is  very  sour,  and  Baber  records  the  saying  that  a  needle  thrust 
into  the  heart  of  one  melts  away.  Lushington  (1910)  suggested  the  name  C. 
megaloxycarpa  for  this  frifit.  Swingle  would  probably  consider  all  of  these  forms 
natural  hybrids. 

One  of  the  fruits  which  has  highly  acid  juice  which  is  valued  for  its  peculiar 
flavour  is  the  ada  jamir  or  soh  sying  which  is  found  in  different  parts  of  Assam.  The 
aroma  of  the  crushed  leaves  and  rind  is  said  to  resemble  eucalyptus,  and  also  to  sug¬ 
gest  ginger  (ada,  sying).  It  resembles  C.  hystrix,  in  the  subgenus  Papeda,  but  is  dis¬ 
tinct  from  it  and  seems  to  belong  in  Eucitrus.  Dutta  and  Bhattacharya  (1951)  state 
.that  it  cannot  be  suspected  of  being  a  hybrid,  but  do  not  defend  this  statement.  They 
describe  it  as  a  new  species  which  they  call  C.  assamensis. 

The  sweet  lime  is  rather  comonly  grown  in  different  parts  of  India, 
perhaps  because  of  its  hardy  nature  and  its  fruitfulness,  and  the  fact  that  it 
ripens  late  in  the  rains  when  other  citrus  fruits  are  not  available.  The  quality 
of  the  fruit  would  not  seem  to  justify  extensive  planting,  for  while  it  is  thin- 
skinned  and  juicy,  the  juice  is  decidedly  insipid.  It  is  mildly  sweet  with  prac¬ 
tically  no  acidity,  and  very  little  flavour.  The  tree  is  large  and  spreading,  with 
leaves  about  the  size  of  those  of  the  sweet  orange,  but  of  a  lighter  green  colour. 
The  fl  owers  are  large  and  pure  white.  In  habit  of  growth,  foliage,  and  fruit  it 
more  nearly  resembles  the  Tahiti  type  of  sour  lime  than  the  limes  commonly 
grown  in  India.  The  classification  of  the  sweet  lime  is  thus  questionable.  It 
is  sometimes  included  with  the  true  limes.  A  similar  fruit  growing  in  kurope 
has  been  called  C.  limetta,  but  Tanaka  considered  the  Indian  sweet  lime  different 
and  called  it  C,  limettioides ,  The  sweet  lime  of  Palestine  seems  to  be  the  same  as 
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Pie  one  grown  in  India.  The  sweet  lime  is  ignored  by  Swingle.  Sweet  lemons, 
which  may  be  acidless  mutants  of  the  ordinary  lemon,  occur  in  some  countries. 

The  sour,  bitter,  bigarade,  or  Seville  orange,  in  spite  of  its  many  names,  is 
of  minor  importance.  It  is  grown  in  Spain  and  exported  to  Great  Britain  and 
other  countries  for  the  manufacture  of  marmalade.  In  many  parts  of  the  world, 
including  \\  est  Pakistan,  it  is  used  as  a  stock  on  which  to  grow  other  citrus 
fruits.  It  is  a  fairly  large  tree,  thorny,  with  dark  green  leaves  the  petioles  of  which 
are  broadly  winged.  The  flowers  are  large,  white  and  very  fragrant.  The  fruit  is 
round,  orange  in  colour,  about  three  inches  in  diameter,  and  acid,  with  bitter 
membranes.  When  ripe,  the  centre  is  hollow.  The  commonly  accepted  name  is  C. 
on  rant  i  um,  but  C.  vulgaris  and  C.  bigaradia  are  synonyms.  The  bergamot  orange 
ot  Eui ope,  from  the  rind  of  which  bergamot  oil,  used  in  perfumes,  is  extracted,  is 
considered  by  many  as  a  form  of  the  sour  orange  or  as  a  hybrid,  but  by  others  has 
been  classified  separately  as  C.  bergamia. 


A  fruit  of  considerable  commercial  importance  in  Madras  is  the  kichili, 
sometimes  called  the  vadlapudi ,  or  Guntur  sour  orange.  Naik  (1949)  distinguishes’ 
between  the  vadlapudi  and  the  kichili  which  he  says  is  rarely  sweet  at  any  season 
ana  .s  grown  only  as  stray  trees.  This  has  been  included  with  the  true  sour  orange, 
<nd  l.onavta  put  .t  w.th  the  mandarins.  While  the  foliage  resembles  that  of  the 

,’T  "f"T  '  le  '"!!  '  ' il  111  ha™£  a  ,00ser  and  rougher  rind  and  pulp  which 

turns  sweet  when  fullv  rine  Tmalv-i  p\  <  .  . 

maderaspatana.  ‘  7  C)  P'aCe<1  “  ,n  a  sa)>arate  secies,  C. 


j  > m  ?  ,  nge’  apphed  ,0  'he  tight-skinned  oranges  such  as  the 

Malta  and  Mosambi’,  is  not  entirely  satisfactory  „  ,erves  wclltndV  u 

,,liS  f?roup  from  the  sour  orange,  hut  it  seems  h  •  ‘  '  .  °  dlstJngUish, 

which  have  as  much  right  to  the  adjective  ‘sweet”  h"0'”  °ose'skinne<l  "ranges, 

and  no  other  designation  seems  satisfy  ,  •  '  H1°wever>  the  term  e.stahlished. 

The  sweet  oranges  ^  ^ 

not  as  dark  a  green  and  which  ordinarily  have  onKSOUV>  ■**  lea'eS’  "h‘ch  8re 

Tne  flowers  are  slightly  smaller.  The  fruits  diffe  X  -T*  !  m”8*  °n  the  petioles‘ 

orange  are  sweet  or  sub-acid.  While  some  en  1 '  7  in  that  those  of  the  sweet 

-  be  varieties  of  the  same  considered  the  two  types 

sinensis  is  now  generally  recognized/  SePara*e  °f  ,he  sweat  "range  as  C. 


-  -u  cmnn’IKUIT 
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18  n°‘ 3  co,,stant-  "or  an  exclusive  characteristic  t  /  BeCause  Puhesce„e 
•non  feature  of  it.  he  felt  that  no  case  was  mad  /  gr°Up’  alth"«gh  if  is  «  com 

eg.,/8'  ..e  may  ,m'e  been  unduly  influenced  b  '  l  PUtl"’g  t,lem  in  a  'separat 
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a  common  ancestor,  there  seems  to  be  as  much  justification  for  separating  them 
as  there  is  for  the  other  species.  In  few  ot  the  species  is  there  one  constant  factor 
which  distinguishes  it  from  all  other  species.  Classifications  are  based  on  a  group 
of  features,  and  even  then  it  is  not  always  easy  to  place  a  tree  in  its  proper  species. 

The  leaves  of  the  pummelo  are  dark  green,  leathery,  and  with  large  wings 
on  the  petioles.  The  amount  ol  pubescence 'varies,  but  in  some  cases  it  is  consider¬ 
able,  and  may  remain  on  the  young  branches  for  a  year  or  more.  The  Howers 
are  large,  white,  and  heavy,  with  conspicuous  oil  glands.  The  fruit  is  larger  than 
that  of  any  other  important  species,  weighing  several  pounds  in  some  cases.  It  may 
be  globose,  oval,  flattened  or  pyriform,  and  the  rind  varies  from  moderately  thin 
to  very  thick.  The  pulp  is  frequently  rather  dry  and  sour,  but  in  the  better  varie¬ 
ties  is  of  excellent  quality.  The  membrane  surrounding  the  segments  is  tough,  but 
in  some  cases  the  segments  are  open  in  the  centre.  A  number  of  names  have  been 
used  for  the  species.  Swingle  uses  C.  grandis,  but  Chatterjee  (1948)  maintains  that 
C.  maxima  is  correct.  Another  fairly  common  synonym  is  C.  decumana. 


The  grapefruit  is  very  similar  to  the  pummelo,  and  is  considered  by  some  as 
C.  grandis  var.  uvacarpa.  The  modern  tendency,  however,  is  to  recognize  it  as  a 
separate  species,  C.  paradisi.  Swingle  accepts  this  as  a  satellite  species,  although  re¬ 
cognizing  that  it  may  be  a  hybrid  between  the  pummelo  and  sweet  orange.  There 
is  some  evidence  that  at  least  one  variety,  the  Triumph,  is  a  hybrid  between  the 
grapefruit  and  orange.  The  grapefruit  has  never  been  found  in  Asia  except  where 
it  had  been  imported,  and  is  therefore  thought  to  have  originated  as  a  seedling  or 
bud  mutation  from  the  pummelo,  in  the  West  Indies.  The  first  mention  of  it,  accord¬ 
ing  to  Morton  and  Morton  (1946),  is  in  the  published  writings  of  Griffith  Hughes 
who  referred  to  the  ‘forbidden  fruit’  of  Barbodos.  Six  years  later  another  writer 
refers  to  the  ‘forbidden  fruit’  or  ‘smaller  shaddock'  cultivated  in  Jamaica.  It  was 
not  until  1814  that  the  word  ‘grapefruit’  first  appeared,  in  Lunan's  Hortus 
ensis,  and  not  until  about  1885  that  commercial  production  began.  While  >t 
is  ordinarily  not  difficult  to  distinguish  a  grapefruit  tree  from  a  pummelo  this  is  donj 
by  means  of  a  group  of  characteristics,  rather  than  any  one  distinctive  feature.  1  e 
leaves  tend  to  be  somewhat  smaller,  slightly  lighter  in  colour,  and  less  leathery 
The  wings  on  the  petioles  are  smaller.  The  leaves  and  young  shoots  have  little,  i 
any,  pubescence.  The  fruit  is  generally  smaller,  has  a  thinner  rrnd,  is  mom  pr • 
and  has  a  somewhat  different  flavour.  Both  pummelo.  and  grapef nut  have  va *- 
with  pink  or  red  pulp  as  well  as  pale  yellow  or  grayish.  Some  grapetnuts 
pink  blush  on  the  outside. 

American  horticulturists  have  contributed  to  the  confusion  of  names,  by 
adopting-  the  term  ‘pomelo’  for  the  grapefruit,  pronouncing  t  ie  wor  m  t 
way  as  ‘pummelo’.  Thus  they  distinguished  the  Pome'o  (grapefnnt) 
pummelo  (shaddock).  Even  in  the  United  Slates,  lonever,  er  term 

popularly  and  in  irade  as  the  grapefruit  and  the  attempt  to  mtroduce  the  o 
has  been  largely  abandoned.  In  India,  where  the  term  pumm  1  “  a 

and  ‘shaddock’  is  not  used,  it  would  certainly  be  unwise  to 

pomelo. 
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There  are  other  citrus  fruits  occurring  in  India  which  have  been  largely 
neglected  by  western  writers.  These  include  the  karna  and  the  attam. 

The  karna,  khatta  nimbu,  id  nimbu,  ,or  kharna  khatta  is  a  fruit  having 
no  English  name,  although  it  is  frequently  referred  to  in  this  country  as  a  citron 
which  it  in  no  way  resembles.  The  tree  is  very  vigorous,  and  is  commonly  an 
successfully  used  as  stock.  In  some  ways  the  fruit  resembles  that  of  the  soui 
orange,  but  Bonavia  recognized  that  it  was  distinct,  and  proposed  calling  it  C. 
aurantium  var.  khatta.  Its  flowers  are  tinged  with  red,  like  those  of  the  lemon, 
but  the  leaves  are  very  distinct  from  those  of  either  species,  having  neither  the  large 
wings  of  the  sour  orange  nor  the  distinct  scent  of  the  lemon.  The  fruit  is  large 
and  round,  but  generally  maminillate,  and  sometimes  very  rough.  Both  the  rmd 
and  the  pulp  are  orange  in  colour.  The  juice  is  plentiful  and  very  sour.  It  has 
hten  suggested  that  this  fruit  represents  a  natural  hybrid  between  the  sour  orange 
and  the  lemon.  It  has  been  called  C.  karna. 


The  position  of  the  attani  (or  atanni )  is  not  so  clear.  The  name  is  sup¬ 
posed  to  be  derived  from  ath  anne ,  meaning  eight  annas.  Bonavia  was  told  that 
this  was  because  the  fruit  was  half  as  large  as  a  pummelo.  Another  explanation 
is  that  it  is  thought  to  be  a  hybrid,,  half  orange  and  half  lemon.  The  leaves  are 
similar  to  those  of  the  mandarin,  except  that  they  are  pubescent  when  young,  and 
Bonavia  suggested  that  this  might  be  the  ‘elephant’  form  of  the  Santara.  The 
fruit  is  large  with  a  thick  rind,  with  pulp  which  is  juicy  and  sub-acid.  It  is  very 
pleasant  when  eaten  like  grapefruit,  with  sugar.  Lushington  follows  Bonavia  in 
putting  it  in  the  same  species  as  the  Santara,  making  it  the  botanical  variety 
decumana.  Tanaka  (1937  B)  calls  it  C.  rugulosa. 


The  Loose-skinned  Oranges 

The  loose-skinned  oranges  have  never  received  adequate  treatment  by  any 
European  or  American  authority.  The  term  ‘mandarin’  is  used  for  the  entire 
group  as  well  as  for  one  section  of  it.  These  fruits  were  introduced  into  the  West 
at  a  comparatively  late  date,  and  do  not  play  an  important  part  there,  as  they  do 
in  Asia.  At  first  they  were  grouped  in  a  single  species,  C.  nobilis.  Swingle 
formerly  recognized  three  botanical  varieties:  C.  nobilis  proper,  the  King  orange; 
the  variety  deliciosa ,  the  mandarin  and  tangerine  oranges;  and  the  variety  unshiu , 
the  Satsuma  orange.  Hume  (1926)  and  Tanaka  felt  that  these  should  be  recogniz¬ 
ed  as  separate  species.  Later  Swingle  became  convinced  that  the  King  orange, 
which  was  the  type  of  Loureiro’s  species  C.  nobilis,  is  a  hybrid  between  a  mandarin 
and  some  other  fruit,  possibly  a  sweet  orange,  pummelo,  or  a  hybrid  of  the  two. 
rim:  would  invalidate  the  name  for  the  species,  and  Swinyle  accepts  the  name 
Blanco  applied  in  1837,  C.  reticulata.  He  now  recognizes  only  one  botanical 
variety,  austera,  the  sour  mandarin.  He  suggests  that  the  Rangpur  lime  may  be 
a  form  ol  this  sour  mandarin,  or  a  hybrid  of  it.  This  is  a  decorative  tree  bearing 
large  numbers  of  fruits  similar  in  appearance  to  mandarins,  but  sour,  and  used" 
for  the  same  purposes  as  lemons  and  limes.  It  bears  only  one  crop  a  year,  but 
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-is  this  is  usable  from 
garden. 


August  until  March,  it  make 


s  a  good  addition 


to  the  home 


Undoubtedly  the  most  important  mandarin  in  India  is  .IS, 

c- chrys°carPa-  :lz 

group.  Tanaka  assigned  specific  names  to  foeTther  ^mln'daT  “  ‘hi5 

ihe  pro,,abie  >i:l: 

bemg  hybrids,  it  is  perhaps  wise  to  folloVswfiHe  'ancl'hlclLfeall  "’f  tf  ^ 
skinned  oranges  grown  commercially  in  the  specie's  C.  reticulum.  Swingle  tenutTe' 
ly  accepts  two  other  spec.es  of  more  or  less  similar  fruits,  C.  tachibana,  a„  in- 

Kia  n,  °  i  rr'i  as  C  ;nrfrvwhich  Ta,,aka  described  as  ^  »  *■* 

M  as,  In  is,  although  Sw.ngle  th.nks  n  possible  that  it  may  prove  to  be  a  hybrid 
HIM  C.  latipes,  a  member  of  the  subgenus  Papeda,  native  to  that  area. 

Jt  is  not  clear  whether  the  name  Santara  (Santra,  Sangtra)  should  be  con- 
sfdered  the  name  of  one  variety,  the  Nagpur  orange,  or  should  be  used  for  the 
gioup  containing  this  and  similar  varieties,  such  as  the  Coorg  orange.  It  may 
even  be  used  for  the  entire  species,  in  which  case  it  should  not  be  capitalized. 
Bnattacharya  and  Dutta  (1949A)  recognize  two  varieties  of  the  Khasi  mandarin, 
the  common  one  which  ripens  from  the  end  of  October  until  February,  and  one 
grown  in  a  limited  area  of  the  Khasi  hills,  ripening  from  March  to  May.  They 
consider  that  the  late  ripening  is  due  mainly  to  environmental  factors,  however. 


The  mandarins  are  ordinarily  recognized  without  much  difficulty.  The 
leaves  are  ordinarily  rather  small  and  slender,  and  have  a  characteristic  scent.  The 
flowers  are  solitary,  white,  and  small.  The  fruit  is  oblate,  generally  smaller 
than  the  sweet  orange,  and  frequently  reddish  orange  in  colour.  The  rind  and 
segments  aie  loosely  attached,  and  the  seeds,  when  cut  open  are  generally  green. 

To  a  much  greater  extent  than  the  mango,  the  citrus  fruits  tend  to  be  poly- 
•  •moryonic.  This  probably  explains  the  comparative  uniformity  of  the  fruit  of 
seedling  trees,  such  as  those  of  the  Khasi  hills,  where  vegetative  propagation  is  rare. 
Except  for  those  rather  recently  introduced,  there  are  few  clonal  varieties.  Nur¬ 
series  offer  named  varieties,  but  these  are  seldom  well  established,  and 
frequently  merely  refer  to  the  place  from  which  the  parent  plant  was  obtained. 


None  of  the  Indian  varieties  of  the  sweet  orange  has  the  reputation  of  such 
foreign  varieties  as  the  Washington  Naval,  the  Valencia,  and  the  Shamuti,  the  last 
being  the  most  important  variety  in  Palestine,  and  reputedly  one  of  the  best 
oranges  in  the  world.  I  he  most  largely  grown  sweet  oranges  in  India  are  the 
Mosambi  (a  corruption  of  Mozambique),  produced  mainly  in  Bombay,  and  the 
Safhgudi  or  Chini  which  is  the  most  important  in  Madras.  The  Batavian,  also 
grown  there,  is  verv  similar,  and  may  prove  merely  a  synonym.  In  northern  India, 
the  sweet  orange  is  called  the  Malta,  and  this  term  is  sometimes  used  for  a  parti¬ 
cular  variety.  The  Blood-red  Malta  of  the  Punjab  is  highly  regarded.  None  of 
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these  terms,  however,  always  refers  to  a  clonal  variety,  as  some  orchards  are  of 
seedling  trees.  The  true  Mosambi  is  probably  a  clonal  variety,  but  other  similar 
types  are  given  that  name,  which  is,  indeed,  sometimes  used  for  all  the  sweet 
a  ranges.  Foreign  varieties  grown  in  the  Punjab  include  the  Pineapple,  said  to 
be  the  best,  Excellences,  Vaneille,  Seville,  and  Valencia.  Although  the  Valencia 
in  the  Punjab  is  rather  sour  and  lacking  in  juice,  it  brings  a  good  price  because  it 
ripens  in  March  whereas  the  other  varieties  are  on  the  market  in  January  and 
February.  Randhawa  and  Oinsa  (1947  A)  point  out  that  this  variety  produces 
fruit  of  high  quality  in  regions  having  a  hot  climate,  and  should  find  a  prominent 
place  in  plantings  there.  Choudhury  and  others  (1947  A)  report  that  it  is  a  prom¬ 
ising  variety  in  Assam,  where  it,  the  Washington  Navel  and  Duncan  and  Marsh 
grapefruit  were  introduced  about  1925.  The  original  trees  grew  well,  but  as  prop¬ 
agation  was  entirely  on  the  pummelo,  which  is  not  congenial,  these  fruits  were 
neglected.  It  does  well  on  the  rough  lemon,  which  is  recommended,  and  on  certain 
other  lemons. 


m 

ai 


As  the  acidity  ol  the  Valencia  orange  is  a  disadvantage  on  the  Indian 
.arket,  it  would  seem  worth  while  to  try  to  reduce  this  by  spraying  with  lead 
-rsenate.  Harding  (1945)  reports  that  one  application  of  one  pound  of  lead  ar- 
sci  ate  in  100  gallons  of  water,  applied  to  grapefruit  in  Florida  reduced  the  total 
acid,  increased  the  ratio  of  total  solids  to  acid,  and  caused  earlier  maturity  and 
more  palatable  fruit,  at  the  expense  of  a  slight  decrease  in  the  weight  and  size  of 
M.e  fruit.  Later  experience  there  indicates  that  there  may  he  an  advantage  in 
applying  suck  a  spray  not  later  than  May,  and  a  somewhat  weaker  solution  later 
and  that  the  treatment  sometimes  causes  some  yellowing  of  leaves  in  the  autumn 
and  some  gun.rn.ng  in  the  rind,  or  even  deformed  fruit.  Crons  (1940  1947)  re- 
ports  that  two  pounds  of  lead  arsenate  in  100  gallons  of  water,  applied  t’o  Valencia 
ounges  m  December  or  January  (mid-summer)  in  South  Africa  enables  picking  In 

tW0  t0  four  weeks  earlier  a"d  improves  the  flavour.  The  effect  contin- 
nes  Ol  1  tree  years,  and  there  is  no  increase  in  the  arsenic  content  of  the  fruit  at 

rr  are  grow-  — 

feu, mil’"  E  from^  A  TT  ‘  "'e  Kin"°W  fr°m  lhe  U"ite<1  States  and 
Wes.  Puniab  tlal  ,IeT  ^  ^ . ar<!  T"  ’,romUin*  *"  «"•!  colonies  of 

valuable  in  India  abo  w'T  7 ^  fr°m  SUnburn’  and  thev  may  he 

acid  eontent  Thc  Kinnow  nne  ‘  (  H”6"8  <*«<<  >>»  a  very  low 

in  Allahabad)  and  contains  ***  ^  ^ 

eMcnt  tlj^ a'C  !'anm, are, Used’  b"‘  U  “  ”01  clca,''°  "Hat 
largely  true  of  lhe  lemon  lo  excent  fn'  '8  7  f°''  "’e  This  is 

many  ‘indigenous’  varieties  in  Assam  "cc<  ,ul>'  'produced  varieties.  There  are 
These  are  varieties  with  vernacularbnv  7''"^  °‘herS  (1947B)’ 
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end  Genoa,  has  been  selected  as  suitable  for  cultivation,  and  is  referred  to  as  the 
Assam  lemon.  The  trees  are  apparently  rather  small,  as  it  is  suggested  that  they 
)'<'  planted  12  to  18  leet  apart.  As  it  bears  throughout  the  year  and  so  does  not 
s.and  di ought  well,  it  is  said  to  do  better  on  the  plains,  where  irrigation  is  practis¬ 
ed,  than  on  the  hills.  Although  lemons  are  not  grown  commercially  in  Assam,  they 
seem  to  be  more  important  there  than  in  most  other  parts  of  the  country,  for  it  is 
said  that  tlieie  are  not  more  than  1,000  acres  in  the  state.  There  are  undoubtedly 
a  number  ol  distinct  varieties  of  pummelo,  but  varietal  names  are  not  well 
established.  The  grapefruit  grown  in  India  are  almost  entirely  imported  varieties, 
including  the  Marsh,  Duncan,  Excelsior.  W  alters,  and  the  pink-fleshed  form  of  the 
last,  I'oster.  As  polyembryony  is  very  common  in  this  species,  seedling  trees  arc 
frequently  very  satisfactory,  and  perhaps  should  be  considered  as  nucellar  trees  of 
the  varieties  from  which  they  came. 


Considerable  work  has  been  done,  particularly  by  Swingle  in  America,  on 
the  hybridization  of  citrus  fruits,  and  this  has  resulted  in  a  number  of  promising 
hybrids.  A  very  large  number  of  cross-pollinations  is  required  in  order  to  get  a 
reasonable  number  of  hybrids  from  which  to  select.  Only  at  small  percentage  ol 
the  cross-pollinated  flowers  develop  into  fruits,  and  not  all  of  the  fruits  have  viable 
seed.  Many  of  the  seedlings  are  apogamic,  only  a  few  being  true  hybrids. 
Nevertheless,  much  has  been  accomplished.  In  an  effort  to  secure  varieties  which 
can  be  grown  in  regions  subject  to  frost,  the  sweet  orange  has  been  crossed  with 
the  trifoliate  orange.  The  result,  called  the  citrange,  is  generally  rather  sour,  and 
with  more  or  less  ol  the  bitterness  ol  the  trifoliate  orange.  This  h\biid  has  been 
further  crossed  with  the  kumquat  to  produce  the  citrangequat.  The  limequat, 
produced  by  crossing  the  lime  and  kumquat,  bears  fruit  similar  to  that  of  the  lime, 
and  in  some  cases  equally  good,  and  is  more  hardy  than  the  lime.  Most  promising 
of  all  is  the  tangelo,  a  hybrid  of  the  tangerine  and  the  pomelo  or  grapefruit.  The 
fruit  commonly  resembles  that  of  the  sweet  orange,  but  with  a  distinctive  and 
pleasant  flavour.  The  tangors,  hybrids  between  the  mandarin  and  sweet  orange, 
include  one  known  as  the  Umatilla  which  resembles  the  tangelos,  as  well  as  some 
which  are  commonly  considered  mandarins.  Great  possibles  be  before  the  plant 
breeder  who  will  develop  hybrids  between  the  various  citrus  fruits  grown  in  India. 


Although  most  of  the  citrus  fruits  probably  originated  in  regions  ol  tropical 
climate,  most  of  them  thrive  in  a  subtropical  climate,  and  produce  fruit  of  better 
quality  than  that  grown  in  the  tropics.  Nevertheless,  none  of  them  except  the 
trifoliate  orange  can  stand  much  frost.  There  is  a  difference  in  the  hardiness  of 
the  different  species,  but  all  are  seriously  damaged  if  the  temperature  falls  to  > 
decrees  F.  A  temperature  of  28  degrees,  especially  if  maintained  for  several  hours, 
is  bkely  to  damage  fruits  and  young  shoots.  Hodgson  and  others  0950)  report 
on  the  comparative  resistance  of  many  varieties  shown  during  the  freezes  o 
and  1949  in  California.  Almost  all  of  the  important  regions  of  citrus  production 
ar*  subject  to  occasional  frost  damage,  and  in  some  of  them  the  growers  go  to  giea 
expense  to  protect  the  trees  from  injury,  mainly  by  means  of  orchard  heaters. 
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Other  climatic  factors  than  frost  rarely  prevent  the  growth  ol  citrus  fruits, 
hut  they  may  influence  greatly  tile  quality  of  the  fruit  and  the  choice  of  varieties 
and  they  affect  the  cost  of  production.  These  factors  are  consider*  >>'  arnar 
(1949)  and  by  Bain  (1949)  who  contrasts  tile  production  of  citrus  fruits  m  hnnidad. 
near  the  equator  and  near  sea  level,  with  that  in  California  which  is  well  within 
the  temperate  zone  and  relatively  dry.  Rainfall  seems  to  be  unimportant  if  irriga¬ 
tion  is  provided,  but  atmospheric  humidity  makes  a  great  difference.  In  general, 
low  humidity  results  in  good  colour  and  external  appearance,  whereas  high  humid¬ 
ity  favours  thin  skin  and  plentiful  juice.  Exposure  to  strong  wind,  whether  hot 
or  cool  is  also  important,  and  in  windy  districts  windbreaks  are  commonly  used. 


Maximum  temperatures  are  not  very  important,  except  in  desert  regions 
where  exposure  to  very  hot  sun  may  he  harmful,  but  the  total  heat  during  the 
growing  season  is  extremely  important.  Little  growth  takes  place  when  the  mean 
temperature  is  below  55  F.  or  above  97  F.  A  unit  of  heat  is  taken  as  a  degree 
above  55°  daily  mean  temperature,  and  heat  indices  of  the  growing  season,  have 
been  calculated  for  some  important  areas  as  follows:  grapefruit,  5,617  to  6, / 8 1 ; 
Washington  Navel  oranges,  2,706  to  3,462;  Valencia  oranges,  2,672;  lemons,  1,854. 
In  Trinidad,  the  heat  units  during  the  growing  season  are  calculated  at  6,560,  and 
as  dormancy  is  brought  about  by  drought  rather  than  coolness,  there  is  likely  to  be 
some  growth  outside  the  growing  season.  In  California,  on  the  other  hand,  some 
of  the  heat  units  may  not  be  utilized  because  of  too  high  temperatures.  Bain 
therefore  estimates  that  the  effective  units  at  Riverside,  California,  in  an  important 
citrus  area,  are  only  about  2,800,  and  thinks  that  this  explains  why  an  average  10- 
year-old  tree  in  California  is  no  bigger  than  one  5  to  8  years  old  in  Trinidad. 
Although  Riverside  has  considerably  less  heat  than  the  places  where  grapefruit  is 
at  its  best,  fruit  of  fair  quality  is  produced  there.  But  while  pummelo  trees  of 
excellent  varieties  thrive  at  Riverside,  the  fruit  is  sour,  indicating  that  the  heat  re¬ 
quirement  of  the  pummelo  is  considerably  greater  than  that  of  the  grapefruit. 
Allahabad  probably  has  about  5,700  units  in  the  warmest  six  months,  and  consider¬ 
ably  more  in  the  growing  season,  which  lasts  most  of  the  year. 


Washington  Navel  oranges  ripen  in  about  7  months  from  flowering  in 
Riverside,  and  in  half  that  time  in  Trinidad.  Likewise,  grapefruit  and  Valencias 
require  about  15  months  in  California  and  from  May  to  December  in  Trinidad. 
Colour  seems  to  develop  at  the  end  of  the  growing  period  and  the  beginning  of  the 
dormant  season.  Washington  Navels  ripen  in  winter  in  California,  where  they 
develop  a  good  colour,  but  in  Trinidad,  as  in  India,  they  ripen  during  warm  weather 
and  remain  green.  Grapefruit  and  Valencias  ripen  in  winter  in  Trinidad  and  India 
and  develop  good  colour.  Granulation  is  a  problem  with  the  Valencia  in  California 
and  the  Navel  Trinidad,  and  Bam  considers  that  it  is  a  normal  stage  of  maturity 
that  ,s  reacned  when  the  required  number  of  hea,  units  for  the  variety  have  been 
i  i  ize  in  grow  .  He  states,  It  has  been  shown  that  when  during  the  normal 
process  of  fruit  maturity  the  acid  content  reaches  a  certain  low  point,  starches  are 
formed  instead  of  sugar,  thus  giving  the  juice  sacs  the  appearance  associated  with 
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granulation  .  \\  hen  fruit 

to  granulation. 


ripens  in  hot  weather,  it  soon  passes  from  maturity 


as  th  am  t  i  I1*1  Cj"1S  'reeS  ln  Calllornia  n«d  about  twice  as  much  nitrogen 
as  those  m  1  rmulad.  and  explains  this  partly  by  the  fact  that  in  Trinidad  the  trees 

neve,,  carry  two  crops  at  the  same  time  (nor  do  Navels  in  California),  but  mainly 

?  tle  glCaler  am0Unt  ot  sunsh,ne  ln  California  as  trees  with  more  light  use  more 
nitrogen.  c 

Some  of  the  loose-skinned  oranges  as  well  as  some  lemons  will  ripen  well 
m  regions  ol  comparatively  cool  summers.  The  King  orange  and  the  Santara,  like 
most  of  the  sweet  oranges  require  more  heat.  High  temperatures  at  the  time  of 
flowering  result  in  a  poor  set  of  fruit  in  the  case  of  some  varieties.  Hot  summers 
cause  sunburn  in  some  cases,  including  sweet  oranges  and  mandarins  in  the  Punjab, 
according  to  lkjwa  and  Ram  (1943).  Sunburn  on  the  fruit  is  said  to  be  very 
common,  and  the  bark  is  sometimes  affected.  In  one  case  trees  with  a  spread  of 
12  to  11  feet  weie  growing  20  feet. apart.  Part  of  the  trees  were  protected  by 
having  a  row  of  Sesbania  egyptica  planted  on  the  south-west  side,  parallel  to  the 
tree  row,  and  about  a  foot  from  the  periphery  of  the  tree.  This  protection  reduced 
the  damage  from  10.6%  to  6.1%  in  the  case  of  the  sweet  orange,  and  from  12.3% 
to  4.2%  in  the  case  of  the  mandarin.  The  Sesbania  may  be  planted  March  1, 
and  by  Jul  y  will  protect  the  fruit.  No  damage  is  done  after  October  1. 


L.  Singh  and  Khan  (1942)  found  that  fruit  of  the  Blood-red  Malta  developed 
better  colour  when  protected  from  the  sun  by  the  tree  or  by  Sesbania,  although  the 
fruit  borne  in  the  interior  of  the  tree  had  no  red  colour.  It  is,  probable  that  the  de¬ 
velopment  of  red  colour  depends  on  low  temperatures.  K.  K.  Singh  and  Singh  (1948) 
report  that  on  rough  lemon  rootstock,  less  than  20%  of  the  oranges  developed  the  red 
colour  in  1943-44,  a  mild  winter,  compared  with  56%  in  the  following,  more  severe 
winter.  The  rootstock  was  also  shown  to  exert  an  important  influence.  The  most 
colour  was  developed  on  the  kharna  khatta  which  is  incompatible  and  caused  al¬ 
most  complete  defoliation  in  the  winter,  exposing,  the  fruits  to  the  cold  air.  This 
produced  colour  in  35.7%  of  the  fruits  in  1948-14,  whereas  JuUunduri  khatti  pro- 
duced  it  in  4.7%,  and  the  sweet  lime  not  at  all.  Cold  storage  after  harvesting 
also  increases  both  the  amount  and  the  intensity  of  the  red  colour.  Temperatures 
of  36-39°  F.  increased  the  colour  distinctly  in  1943-44.  The  next  year  the  tempera¬ 
tures  used  were  32  to  39°  F.  and  the  amount  of  colour  increased  rather  rapidly  for 
six  weeks  and  more  slowly  until' at  the  end  of  14  weeks  96%  ol  the  fruit  showed 
colour.  When  this  variety  is  grown  in  areas  having  no  frosty  weather,  it  develops 
no  colour,  and  cold  storage  then  has  no  effect. 


In  spite  of  all  these  limitations,  the  citrus  fruits  are  grown  under  a  wide 
variety  of  climatic  conditions.  Particularly  for  commercial  production,  care  should 
be  taken  to  choose  the  varieties  best  suited  to  local  conditions,  but  if  this  is  done 
good  citrus  fruits  can  be  produced  practically  throughout  the  tropics  and  sub¬ 
tropics.  More  experience  is  needed  to  show  which  species  and  varieties  are  best 

suited  to  different  parts  of  India. 
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Citrus  fruits  are  grown  successfully  on  a  wide  range  of  soils.  In  Nagpur, 
most  of  the  orchards  are  on  rather  heavy  black  soil,  underlaid  with  murrum  which 
provides  good  drainage.  Oranges  of  similar  type  and  quality  are  grown  on  sam  > 
or  gravelly  soils  in  the  Khasi  hills.  In  the  Punjab  also,  the  soils  are  mostly  light. 
The  depth  of  the  soil  and  the  nature  of  the  subsoil  are  of  more  importance  than  the 
texture  of  the  surface  soil.  The  citrus  fruits  are  sensitive  to  poor  drainage,  and 
should  not  be  planted  where  there  is  danger  of  the  soil  around  the  roots  becoming 
water-logged.  Rock  or  hardpan  within  five  feet  of  the  surface  should  be  avoided. 
In  some  cases  soils  which  are  naturally  poorly  drained  may  be  made  suitable  for 
citrus  fruits  by  artificial  drainage.  Heavy  soils,  if  well  drained,  may  produce  good 
crops,  but  increase  the  difficulty  of  cultivation.  Very  light  soils  are  likely  to  lack 
in  fertility  and  to  dry  out  quickly.  The  ideal  soil  would  seem  to  be  a  medium  or 
light  loam  with  a  slightly  heavier  subsoil.  The  soils  of  most  important  citrus 
districts  are  well  supplied  with  lime,  and  it  is  thought  that  this  contributes  to  the 
success  of  the  orchards.  On  the  other  hand,  Haas  (1939,  1940)  claims  that  citrus 
trees  grow'  better  in  an  acid  than  in  an  alkaline  medium,  and  that  the  idea  that  they 
grow  well  in  soil  with  a  pH  value  as  high  as  8.5  is  based  on  faulty  technique.  The 
harmful  effects  of  a  high  pH  value  seem  to  be  indirect,  probably  mainly  relating 
to  the  availability  of  minerals,  for  Guest  and  Chapman  (1944)  found  that  when 
the  indirect  effects  were  eliminated  as  far  as  possible,  there  was  no  harmful  effect 
on  sweet  orange  seedlings  growing  in  cultures  when  the  pH  ranged  from  4  to  9. 
Heath  was  caused  in  a  few  days  at  2  or  11.  Bhattacharya  and  Dutta  (1949A) 
state  that  in  Assam,  citrus  fruits  do  best  on  soil  with  a  pH  value  of  5.5  to  6.5. 

Propagation 

In  some  aieas,  such  as  Madras  state  and  the  Khasi  hills,  propagation  is 

largely  by  seed,  and  in  the  case  ol  species  in  which  polyembrvony  is  the  rule,  this 

results  in  less  variation  in  the  fruit  than  is  the  case  with  most  fruits  of  good  quality. 

Even  so,  Naik  (1940)  reports  that  in  the  Sathgudi  orchard  reputed  to  be  the  best 

around  Kodur,  only  17.48%  of  the  trees  bore  heavily  in  the  main  crop,  whereas 

12.62%  bore  few  or  no  fruits.  In  another  orchard  19.8%  bore  heavilv,  but  30.21% 

.ore  lightly  Obviously,  neither  orchard  was  satisfactory  in  this  respect.  Expenmen. 

,  s.  'r'ded  /r°m  a  sins'e  mother  showed  less  variation  than  these  orchard 

uniTorm  Ho"  *  Tt^  See<m"gS’  l>reSumably  apogantic,  were  still  more 
uniform.  However,  seedltng  trees  are  slow  in  coming  i„t„  bearing  tend  to  he 

inTort  cases8™"  la"  a"d  S,e"der'  Vegetative  ProPagation  is  therefore  desirable 

ntany  ge^icT  he'Iote  Tornltm  lac^g  f" 

(1938)  and  Frost  (1938)  have  pointed  ouf  thnt  s°  I.  °  Sson  and  Cameron 
vigour  restored  by  being  grown  once  from  apogamieteedUng ^ 

meaning  ‘causing  to  grow  W The ‘-phyosis’,  from  the  Creek 

bv  unknown  virus  infection,  which  would  “  °W  .C,°nes  ma>r  t,e  causad 

24  1  31,1  the  «reater  vigour  of  the  seedlings. 
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wingle  (1948)  states  that  micellar  seedlings  of  citrus  are  completely  free  from 
nrus,  apparently  because  the  embryo  sac  and  immediately  adjoining  tissues  are  at 
flowering  time  impregnated  with  some  powerful  substance  which  kills  all  the  virus. 
It  is  thought  that  this  substance  may  be  desoxyribose  nucleic  acid.  He  also  points 
out  that  nucellar  seedlings  are  more  resistant  to  frost,  and  that  in  the  case  of 
Washington  and  Thompson  Navel  oranges,  the  nucellar  seedlings  had  no  true  navel 
but  only  a  round  hole  1|8  to  1|16  of  an  inch  in  diameter  in  the  slightly  depressed 
tip  ol  the  f i  nit.  I  he  Baianinha  variety,  which  is  thought  to  be  a  nucellar  seedling  of 
the  Vi  ashington  Navel,  has  a  smaller,  firmer  fruit  without  a  navel,  and  so  has  better 
shipping  quality  and  has  become  of  great  importance  in  Brazil.  On  the  other  hand,  as 
Frost  (193o)  points  out,  there  may  be  certain  undesirable  fruit  characteristics,  in¬ 
cluding  more  ragginess  in  the  pulp  and  earlier  over-ripeness.  Batchelor  and  Camer¬ 
on  ( 1950)  mention  the  undesirable  features,  but  also  the  fact  that  in  some  cases  the 
fruit  is  larger  and  in  some  it  has  a  higher  total  solids  content.  Some  nucellar 
clones  seem  to  produce  less  fruit,  at  least  when  young,  but  this  is  not  true  of  all. 
Although  some  of  the  clones  are  now  several  bud  generations  and  more  than  30 
years  from  the  nucellar,  seedling,  there  has  been  no  loss  of  vigour.  It  would  seem 
that  this  method  of  renewing  the  vigour  of  an  old  clone  offers  considerable  promise, 
but  must  be  used  with  care.  Such  nucellar  seedlings  will  tend  to  be  thorny,  but  it 
has  been  observed  that  branches  arising  after  about,  three  years  are  less  thorny, 
and  if  buds  are  taken  Trom  these  branches  for  propagation,  excessive  thorniness 
may  be  avoided.  Hu  and  Cameron  (1951)  point  out  that  while  light  yields  of  large 
fruit  with  thicker  rind,  larger  cores,  and  fewer  seeds  than  normal  are  typical  of 
juvenile  nucellar  lines,  the  quality  increases  as  the  line  becomes  older,  until  it  i? 
equal  to  that  of  the  parent  variety. 


Budding  is  by  far  the  most  common  method  of  vegetative  propagation,  and 
is  very  successful.  Shield  budding  is  probably  the  best  form,  and  may  be  practis¬ 
ed  in  mid-winter,  or  during  the  early  part  of  the  rainy  season.  Naik  (1940A)  re¬ 
ports  a  significantly  higher  percentage  of  ‘takes’  when  the  wood  is  left  in  the  bud 
than  when  it  is  removed,  in  the  case  of  the  sweet  orange  and  lime  on  two  rootstocks. 
Khan  (1942)  agrees  that  the  w'ood  is  necessary  in  the  case  of  the  lime,  and  is  better 
when  the  budwood  is  immature,  but  in  other  cases,  removing  the  wood  increased 
the  ‘take’  by  about  25%.  It  decreased  the  number  of  plants  a  man  could  bud  in 
a  day  in  the  same  proportion.  K.  Singh  and  Singh  (1947),  also  \\oikiu0  m  t  ie 
Punjab,  found  that  in  budding  the  mandarin  on  the  rough  lemon,  the  removal  o 
the  wood  delayed  the  growth  of  the  buds  but  gave  a  better  percentage  of  success, 
83  3%  in  spring  and  51.7%  in  summer,  compared  with  74.1%  and  42.3%  wit 
the  wood  left  attached  to  the  bud.  The  skill  of  the  budder  may  be  questioned,  for 
in  the  United  States,  where  the  wood  is  ordinarily  left  in  the  bud,  a  professional 
budder  would  expect  better  results.  One  such  budder  reports  in ' 
placing  about  34,000  buds  in  one  nursery  with  the  loss  of  about  .5/o,a  ou» 
experimented  with  several  different  types  of  budwood.  Singh  and  Singh  report 
that  a  microscopic  examination  of  cross  sections  through  the  bud  union  showed 
better  results  when  the  wood  was  removed.  In  the  case  of  the  sweet  orange  results 
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were  at  leas,  as  good  without  the  wood  as  with  it.  Nand,  and  others  (^5)  m 
Assam  tend  to  favour  leaving  the  wood  in  the  bud  of  the  Khas.  mandarin,  budded 
on  kata  jamir.  a  lemon.  In  one  ease  one  man  achieved  38%  and  72  ye .  success 
with  the  wood  and  56%  and  60%  without  it,  using  T  and  inverted  T  buddu  g 
spectively.  Stevenson  (1947  A),  working  with  Santara  on  rough  lemon,  reports  ^  ,o 
success  in  T  budding  and  87%  in  inverted  Thudding  after  removing  the  wood  1  rom 
the  bud,  as  compared  with  77.5%and  80.5%  when  the  wood  was  left.  Both  methods 
proved  superior  to  the  one  commonly  used  in  Madhya  Pradesh,  in  which  the  baik 
is  cut'  and  lifted  from  the  budwood  without  taking  any  wood  with  it,  and  which 
gave  54%  and  53%  success.  Stevenson  (1948)  also  emphasizes  the  importance  of 
having  rootstocks  of  the  proper  size.  Budding  the  Santara  on  rough  lemon,  the 
percentage  of  success  varied  with  the  girth  of  the  rootstock  as  follows:  >.6  cm., 
66%;  3.7  cm.,  78%;  3.8  cm.,  87%;  3.9  cm.,  90%;  4  cm.,  81.67%.  Also  working 
in  Madhya  Pradesh,  M.  P.  Singh  (1948)  found  that  sweet  and  sour  limes  were 
seldom  budded  because  of  the  thorny  nature  of  the  budwood,  which  made  it 
impracticable  to  remove  the  wood  from  the  bud.  Allowing  the  wood  to  remain 
gave  poor  results  with  mature  budwood,  but  was  very  successful  with  immature  bud¬ 
wood.  Probably  this  question  may  well  be  left  to  the  preference  of  the  individual. 


Lopping  the  top  immediately  after  budding  was  found  by  K.  Singh  and 
Singh  (1947)  better  than  delaying  this  action  with  the  sweet  orange  and  sour  lime, 
and  with  the  mandarin  in  summer  but  not  always  in  the  spring.  The  vigour  of 
the  rootstocks  did  not  affect  the  percentage  of  ‘lakes’,  but  the  larger  stocks  gave  the 
larger  budlings  a  year  later.  Naik  found  no  advantage  in  lopping  the  root- 
stock  at  the  time  of  budding,  although  this  caused  the  bud  to  start  growing  some¬ 
what  sooner,  and  as  it  reduced  the  'take  in  the  case  of  the  lime,  lie  recommends 
that  lopping  be  delayed  until  the  bud  has  grown  at  least  two  inches.  Similar  results 
"ere  secured  in  Assam.  If  it  is  necessary  to  use  buds  which  are  not  swollen,  how¬ 
ever,  it  may  be  desirable  to  lop  off  the  top  after  the  bud  has  united  with  the  root- 
stock,  to  force  it  into  growth. 


Grafting  is  sometimes  done  and  Nandi  and  others  (1945)  found  bark 
grafting  the  Khasi  mandarin  on  the  rough  lemon  successful  in  very 
wet  weather  when  budding  was  not  satisfactory.  Inarching  is  fairly 
Others  (1945)  found  bark  grafting  the  Khasi  mandarin  on  the  rough  lemon  success¬ 
ful  in  very  wet  weather  when  budding  was  not  satisfactory.  Inarching  is  fairly 
common  m  Ind.a  but  as  it  is  cumbersome  and  does  not  give  as  good  plants  as 
ing,  it  should  not  be  used.  1  he  pummelo,  lime,  and  sweet  lime  are  commonly 

suTsfw  ,h  ib  >e,ri"S  7'  air-|a>'e™*’  a"d  Na"di  •"<»  others  (1945)  report  100% 
success  with  the  citron,  lemon,  sweet  lime,  Mosambi  orange,  and  C.  macroptcra, 

.Tl,  20  °  f  days’  whlle  iir  fr«">  40  to  55  days  they  secured  90%  success  with 

Vale^cia1oran'leannTi'0C/f  Tj  'hC  ^  01'a”8e  and  SraPefruit-  a"d  70%  with  the 

rs ~  ltS"  T?  •“  *■ 
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m  the  cases  of  the  citron,  rough  lemon,  and  sweet  lime,  cuttings  4  to  6  mm.  in  dia¬ 
meter  proving  better  than  those  half  that  size.  As  Halma  (1931)  has  shown, 
many  species  ot  Citrus  can  be  grown  from  small  leafy  cuttings  by  using  a  special 
technique.  While  this  may  be  of  advantage  for  certain  experimental  purposes,  it 
is  not  likely  to  prove  of  value  for  commercial  propagation.  Halma  (1947)  com¬ 
pares  the  growth  ot  Vi  ashington  Navel  and  Valencia  oranges  and  Eureka  lemons 
grown  from  stem  cuttings  with  those  budded  on  sweet  orange  and  grapefruit  root¬ 
stocks,  up  to  from  11  to  16  years  ot  age.  The  lemon  cuttings  were  consistently 
less  productive,  and  except  for  the  first  four  years,  less  vigorous  than  the  budlings, 
while  no  consistent  differences  occurred  in  the  oranges.  Neither  rootstock  main¬ 
tained  a  taproot  system  tor  more  than  five  years,  and  the  cuttings  developed  good 
root  systems,  so  there  must  be  some  other  reason  for  the  failure  of  the  lemon 
cuttings. 

The  question  of  rootstocks  on  which  to  grow'  the  different  species  of  citrus 
fruits  is  a  complicated  one.  Not  only  do  the  different  species  require  different 
stocks,  but  a  combination  of  stock  and  scion  which  is  satisfactory  under  one  set  of 
conditions  may  fail  entirely  under  other  conditions.  This  means  that  local  experi¬ 
mentation  is  necessary  to  discover  the  best  stocks  for  each  species  in  each  region 
where  citrus  fruits  are  grown. 

The  most  commonly  used  stocks  in  the  world  are  the  sotir,  sweet,  and 
trifoliate  oranges,  and  the  rough  lemon.  Hume  (1926)  estimated  that  75%  of  the 
citrus  fruits  of  the  world  wrere  produced  on  sour  orange  stock,  which  has  been 
very  popular  in  Europe  and  America.  It  is  more  hardy  than  the  others  except 
the  trifoliate  orange,  is  resistant  to  gummosis,  and  has  a  good  root  system.  In 
Florida  it  proved  unsuitable  for  the  Satsuma  orange,  the  lime,  or  the  kumquat.  It 
is  very  susceptible  to  a  virus  disease  or  group  of  diseases,  and  thousands  of  acres 
of  sweet  oranges  on  this  rootstock  have  died.  It  is  therefore  likely  to  be  much  less 
used  in  the  future.  The  sweet  orange  is  less  hardly,  and  is  susceptible  to  gum¬ 
mosis,  but  is  otherwise  a  good  stock,  and  is  used  to  a  limited  extent  in  most 
countries.  The  rough  lemon  is  probably  second  in  importance  to  the  sour  orange, 
being  used  on  light  soils  in  Florida,  and  almost  entirely  in  South  Africa.  It  seems 
to  be  compatible  with  all  of  the  important  species,  at  least  under  some  circum¬ 
stances.  It  is  a  vigorous  grower,  and  is  resistant  to  gummosis.  The  main  objection 
to  it  is  that  while  the  trees  are  young,  the  fruit  is  frequently  of  poor  quality,  but 
it  is  said  that  this  disadvantage  tends  to  disappear  in  the  mature  trees.  The  tri¬ 
foliate  orange  is  the  most  hardv  stock,  and  is  used  in  regions  subject  to  severe 
frosts,  such  as  Japan  and  central  China,  and  for  the  Satsuma  in  the  United  States. 
It  generally,  but  not  always,  tends  to  dwarf  the  trees  of  which  it  is  the  stock. 
Benton  (1944)  states  that  it  has  some  advantages  in  New  South  Wales  as  a  root¬ 
stock  for  the  sweet  orange  and  mandarin,  although  there  is  some  incompatibility 
and  some  dwarfing.  It  is  immune  to  the  Phylophthora  root  rot,  thrives  m  sod  too 
moist  for  other  rootstocks,  and  results  in  early  bearing,  belter  quality,  and  increased 
yield,  especially  during  drought. 
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A  number  of  other  species  of  Citrus  have  been  used  to  a  greater  or  less 
extent,  including  the  pummelo,  grapefruit,  lime,  sweet  lime,  citron,  mandarin,  and 
hybrids.  The  Imperial  Bureau  of  Fruit  Production  (Anon.,  1932)  in  a  very  com¬ 
plete  review  of  propagation  methods,  gives  information  regarding  some  14  species 
of  Citrus,  and  33  species  of  other  genera  of  the  family  Rutaceae,  which  have  been 
tried  as  stock,  or  seem  promising  for  this  purpose.  Among  the  genera  which  seem 
most  promising  are  Feronia  and  Aegle.  Wester  (  1913)  reported  citrus  frui.s 
growing  successfully  on  A.  glutinosa.  De  Jong  (19o4)  found  that  only  a  small 
percentage  of  buds  on  A.  marmelos  (the  hael)  grew  at  all,  and  that  these  died 
within  a  year,  but  after  initial  failures  he  obtained  65%  success  in  budding  grape¬ 
fruit,  mandarins  and  sweet  oranges  on  Feronia  lirnonia  ( elephantum )  and  t .  lucida. 
Cheema  and  Bhat  (1928)  reported  inarching  Santara  and  Mosambi  oranges  on 
stocks  of  Feronia  limonia  and  Aegle  marmelos,  in  an  attempt  to  secure  plants 
which  would  succeed  under  soil  conditions  unsuitable  for  trees  on  citrus  roots. 
Some  of  the  grafts  bore  fruit,  but  did  not  live  long.  Badami  (1911)  reports 
similar  experiments,  and  states  that  both  Santara  and  Mosambi  oranges  can  easily  be 
inarched  on  the  hael.  In  Madras  (Anon.,  1941  A)  it  was  found  that  the  Sathgudi 
bore  mainly  in  clusters  of  5  or  6  fruits  each  when  budded  on  Feronia  limonia.  The 
plants  are  precocious  but  severely  dwarfed.  The  same  variety  budded  on  Atalantia 
monopnhylla  had  not  fruited  in  four  years. 


The  virus  disease  or  diseases  attacking  the  sour  orange  rootstock  are  of 
considerable  interest  because  of  the  importance  of  this  rootstock,  because  of  the 
peculiar  nature  of  the  disease,  and  because  of  the  way  in  which  the  problem  has 
been  attacked.  The  trouble  was  first  noted  in  South  Africa  about  1899,  when  it  was 
found  that  sweet  oranges  budded  on  sour  orange  rootstock  remained  sickly  and 
stunted.  This  was  dismissed  as  incompatibility  under  local  conditions.  The 
failure  of  this  combination  in  Java  was  even  more  marked.  The  scions  would  grow 
well  for  two  or  three  months  and  then  within  a  year  the  plant  would  die.  Toxopeus 
(10..7)  concluded  at  the  end  of  some  interesting  experiments  that  in  Java  the  sweet 
orange  produced  some  substance  toxic  to  the  sour  orange.  In  these  countries  the 
only  effect  of  the  disease  was  to  prevent  the  use  of  the  sour  orange  as  rootstock, 
lint  in  19., 2  it  was  discovered  that  sweet  orange  trees  on  ‘sour  stock’  in  Argentina 
were  mysteriously  sickening  and  dying,  and  in  1937  it  was  observed  that  this  condi¬ 
tion  had  been  developing  in  Brasil  for  several  years.  In  1939  a  similar  condition 
was  noticed  California  and  by  the  beginning  of  1945  it  was  estimated  that  9.500 
rets  were  affected.  In  these  three  countries  there  were  I  arm, 
acreages  of  sweet  orange  trees,  of  all  ages,  growing  on  sour  stock,  and  the  situation 

prohk'mTrd-'V’i""1"'8'  SciemiStS  S‘artcd  inves'igating,  and  in  California  the 
I  Idem  was  divided  among  a  group  of  scientists,  one  or  two  men  investi-atins  one 

PMsr  of  the  problem.  When  Fawcett  and  others  (1916)  issued  a  preliminary 

repoit,  they  were  able  to  give  the  external  met  inf  1  ^ 

fairlv  oil  mi  &  external  and  internal  symptoms  and  to  eliminate 

J  ell  a11  possible  causes  except  a  virus,  a  cause  Webber  (1943  \\  1  l  r 

considered  most  probable  In  affected  tIl  1  A)  had  earher 

ashen  nntt  ft  •  f  ‘  attected  trees  the  leaves  turn  yellowish  «reen  or 

ashen  and  there  is  frequently  a  large  crop  of  fruit  which  may  turn  orange  pre- 
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Icav  rf  'eaves  curl  and  fall,  and  twigs  die,  bu,  i„  most  cases  some  new 

leaves  are  developed,  and  the  tree  remains  for  some  years  in  an  ‘equilibrium  staV 
Staytng  altve,  but  useless.  Some  trees  die  quickly.  !t  was  found  that  the  sieve 
tubes  degenerate  at  and  below  the  bud  union  and  become  blocked,  so  that  the  roots 
sarve  for  carbohydrate  and  begin  to  rot.  Bitancourt  (1944)  had  showed  that 
here  was  frequently  an  accumulation  of  starch  above  the  bud  union  which  could 
be  demonstrated  by  applying  iodine  to  the  scraped  hark.  A  similar  disease  of 
'  runus  amum  on  P.  mahaleb  rootstock  had  been  found  to  be  caused  by  a  virus.  A 
little  later,  l  awcett  and  W  allace  (1916)  offered  proof  that  the  disease  on  the  sour 
orange  rootstock  was  also  caused  by  a  virus. 


More  recently  it  has  been  found  that  the  stem-pitting  disease  of  grapefruit 
in  South  Africa  and  a  disease  of  the  sour  lime  in  West  Africa  are  caused  by  the 
same  virus.  It  is  not  known  how  much  difference  there  may  be  in  the  strains  of 
virus  causing  these  diseases  in  the  different  countries.  In  South  America  the 
disease  is  called  tristeza  (meaning  melancholy)  and  in  California,  quick  decline. 
Other  names  which  have  been  used  include  bud-union  decline  and  rootlet  rot. 
Symptoms  similar  to  those  of  the  West  African  lime  disease  have  been  induced  on 
lime  trees  in  South  America  with  the  virus  of  tristeza,  and  by  Wallace  and  Drake 
(1951)  in  California  with  the  quick  decline  virus.  The  lime  disease  occurs  on 
seedlings,  and  the  symptoms  develop  in  a  few  weeks,  so  this  offers  a  promising 
method  of  testing  for  the  presence  of  the  virus.  Symptoms  include  the  clearing  of 
the  veins  of  the  leaves  and  pitting  of  the  stem.  Sweet  oranges  sometimes  show 
stem  pitting,  even  on  tolerant  rootstocks. 


The  vector,  at  least  in  most  cases,  seems  to  be  one  of  the  aphids.  Meneghini 
(1946,  1948)  showed  that  the  disease  could  be  transmitted  by  the  black  orange 
aphid.  Aphis  tavarcsi.  Bennett  and  Costa  (1949)  found  the  brown  citrus  aphid. 
A.  citricidus,  the  vector  of  tristeza  in  Brazil  and  it  is  also  responsible  for  the  spread 
of  the  two  forms  of  the  disease  in  Africa.  The  two  sets  of  names  seem  to  be 
synonyms  for  the  same  aphid.  Partoxoptera  argentlincnsis  is  another  synonym.  This 
aphid  does  not  occur  in  California,  where  Dickson  and  others  (1951)  tested  .>12 
species  of  insects  and  mites,  and  found  evidence  that  the  melon  aphid,  A.  gossypii , 
was  the  vector  of  quick  decline,  with  certain  tree-hoppers  also  suspected. 

W  hile  tristeza  was  discovered  in  connection  with  the  sour  orange  rootstock, 
and  it  is  of  great  importance  only  where  that  rootstock  is  used,  it  has  now  been 
found  that  other  species  may  also  be  affected.  Grant  and  others  (1950)  report  the 
results  of  extensive  trials  in  Brazil.  The  virus  may  be  present  in  any  species,  but 
symptoms  develop  only  when  the  sweet  orange,  mandarin,  giapefiuit,  oi  one  of 
certain  limes  or  lemons  is  budded  on  a  non-tolerant  rootstock.  All  of  the  19  sour 
and  bittersweet  oranges,  10  grapefruits,  and  19  pummelos,  shaddocks,  and  their 
hybrids  which  were  tested  were  non-tolerant.  The  12  sweet  oranges  and  26  manda¬ 
rins  tested  seemed  tolerant.  Also  non-tolerant  were  10  tangelos,  18  lemons.  3  limes, 
a  citremon,  the  Nippon  kumquat,  Citrus  macroptera,  and  2  forms  of  Sevennia. 
Tolerant  varieties  included  16  tangelos,  a  trifoliate  orange,  6  citranges,  6  citiumelos, 


-4  •  ' 


Sweet  orange  trees  on  rough  lemon  (left)  and  sweet  lime 
(right)  in  rootstock  trial  at  Peshawar. 
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and  2  sweet  lemons.  The  situation  regarding  the  rough  lemon  as  a  rootstock  was 
not  yet  clear,  but  it  seemed  that  some  types  might  he  tolerant  and  some  non- 
tolerant.  Grant  and  others  (1951)  report  that  while  sweet  oranges  and  mandarins 
may  be  safely  grown  on  tolerant  rootstocks,  grapefruit  and  some  limes  may 
gradually  decline  on  tolerant  roots.  They  also  report  some  evidence  that  the  pres- 
ence  of  a  mild  form  of  the  virus  protects  a  tree  from  severe  forms. 

Even  with  non-tolerant  combinations,  there  will  be  no  symptoms,  of  course, 
unless  the  virus  is  present.  If  buds  are  taken  from  an  area*  in  which  the  disease 
is  not  found,  and  placed  on  seedlings,  the  resultant  trees  are  likely  to  be  healthy 
until  infected  by  means  of  aphids  or  perhaps  other  insects.  Oberholzer  (1947) 
has  shown  that  healthy  trees  can  be  grown  when  buds  are  taken  from  nucellar  trees 
in  infected  areas.  However,  wherever  sour  orange  or  other  non-tolerant  rootstocks 
are  used,  there  is  always  the  danger  of  the  virus  being  introduced.  Care  should 
be  taken  not  to  bring  into  such  areas  trees  from  any  affected  area,  for  even  a  com¬ 
pletely  tolerant  tree  may  carry  the  virus.  Seeds  may  be  introduced  safely,  how¬ 
ever.  Where  only  tolerant  rootstocks  are  used,  it  is  not  possible  to  know  whether 
the  virus  is  present  or  not.  That  it  may  be  present  in  India  is  shown  by  the 
behaviour  of  sweet  oranges  on  sour  orange  rootstock  introduced  from  the  North- 
West  Frontier  Province  to  Allahabad  in  1934.  For  a  number  of  years  none  of 
these  grew  well,  and  there  was  much  die-back.  Eventually  two  of  the  trees  seem¬ 
ed  to  recover  and  are  apparently  healthy,  but  the  others  are  dead  or  dying.  Sweet 
oranges  on  karna  rootstock  growing  near  these  trees  have  remained  healthy.  If  this 
is  a  case  of  tristeza,  perhaps  the  virus  present  is  of  a  less  virulent  strain  than  those 
in  some  countries. 


In  new  plantings,  whether  in  Tndia  or  in  other  countries,  it  would  seem  wise 
to  use  a  tolerant  rootstock  if  a  suitable  one  is  available. 

A  disease  of  lemons,  somewhat  resembling  quick  decline,  with  a  character- 
istic  pattern  ot  sieve-tube  necrosis,  has  been  increasingly  common  in  California 
lor  25  >ears,  according  to  C.alavan  and  others  (1951).  It  is  more  common  on 
lemon  trees  on  grapefruit  or  sweet  orange  rootstocks  than  on  others.  While  it  is 
transmitted  by  budding,  its  virus  nature  has  not  been  proved. 

The  only  way  to  find  out  the  most  suitable  stock  to  be  used  for  each  species 
under  given  soil  and  climatic  conditions  is  to  conduct  comparative  stock  trials. 
These  may  produce  certain  valuable  information  within  a  year  or  two,  but  as  defi¬ 
ciencies  sometimes  appear  after  as  long  as  twenty  years,  trials  should  not  be  con- 
sidered  conclusive  in  a  shorter  period.  One  of  the  earliest  trials  of  citrus  stocks  in 
lndta  is  that  conducted  by  Brown  (1920)  at  Peshawar.  Although  this  experiment 
oealt  with  only  two  varieties  and  four  rootstocks,  it  is  especially  interesting!,,  that 

!‘  nSho'Ved  ‘ha‘  tl,cre  "as  a  remaricable  difference  in  compatibility  and  a  decided 

influence  of  the  stock  on  the  fruit,  and  that  a  stock  suitable  to  one  species  might 

l  e  entirely  unsat.sfactory  for  another.  In  fact,  because  of  uncertain, v  as  to  L 

dentification  of  some  of  the  rootstocks  used,  this  is  almost  the  only  value  of  the 
experiment.  y  01  ine 
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In  Bombay  and  Madhya  Pradesh,  the  most  common  stock  is  the  rou-h 
lemon,  called  ,  am  bun  or  ‘jamben’.  Shrivastava  (1931)  states  that  the  best  stock 
is  the  sweet  lime,  but  that  the  jamburi  is  generally  used.  Allan  (1934)  recom¬ 
mends  the  jamberi  (which  he  calls  rough  citron)  for  the  Mosambi  and  the  grape- 
frujt,  but  states  that  the  sweet  lime  produces  the  best  quality  of  Santara  fruit,  although 
the  branches  of  the  tree  tend  to  break  on  this  stock.  He  considers  the  karna  best 
for  the  Malta.  This  is  a  very  vigorous  stock  which  is  very  commonly  used  in  Uttar 
Pradesh,  and  which  seems  to  be  compatible  with  a  number  of  species. 


Further  experiments  on  rootstocks  are  needed  in  the  different  parts  of  the 
country,  and  several  are  being  conducted.  At  Kodur,  in  Madras  Presidency,  the 
more  important  varieties  of  sweet  orange  and  sour  lime  grown  in  the  ceded  districts 
have  been  budded  on  the  following  stocks:  rough  lemon,  kichili,  g ajanimma . 
(C.  pennivesiculata) ,  billi-kichili  (a  tangerine),  pummelo,  sour  lime,  and  sour 
orange.  i\aik  (1910  A)  reported  that  at  the  end  of  the  first  year  in  the  orchard 
the  rough  lemon  was  making  the  best  growth.  Later  Naik  (1949)  sums  up  the 
lesults  in  the  nursery  stage,  but  states  that  the  performance  of  the  trees  in  the  orchard 
remains  to  be  seen.  In  general,  the  rough  lemon  appeared  to  be  the  most  suitable 
rootstock.  The  gajanimma  was  the  most  vigorous,  but  its  low  germination,  high 
variability,  and  susceptibility  to  gummosis  were  against  it.  The  pummelo,  being 
entirely  monoembryonic,  was  variable.  On  billi  kichili  the  ‘take’  varied,  and  this 
stock  lacks  vigour  in  the  first  year  and  does  not  transplant  well.  The  kichili  was 
more  satisfactory,  except  with  the  lime,  but  the  germination  is  not  very  satisfactory, 
and  the  trees  are  not  very  uniform.  The  lime  failed  to  transplant  well,  ‘and  is 
less  vigorous  than  the  rough  lemon. 

More  evidence  of  the  value  of  the  different  rootstocks  for  the  lime  is  avail¬ 
able  than  for  the  other  rootstocks  in  Madras.  Naik  (1944,  1948B)  reports  that 

* 

the  budded  trees  were  significantly  larger  and  more  fruitful  than  seedling  limes 
after  89  months  in  the  orchard,  although  the  seedlings  were  doing  better  than  in  the 
first  years  of  bearing.  During  the  first  63  months,  trees  on  gajanimma  stock  had 
produced  more  than  ten  times  as  much  as  the  seedlings.  Of  the  budded  trees,  those 
on  rough  lemon  and  gajanimma  were  slightly  larger  than  those  on  lime,  and  those 
on  gajanimma  and  lime  had  yielded  more  than  those  on  lough  lemon.  As  the  j 
gajanimma  rootstock  had  overgrown  the  lime  scion  in  nearly  three  fourths  of  the 
trees,  it  seemed  that  this  rootstock  might  not  be  permanently  satisfactory.  Because 
of  better  root  systems,  it  was  thought  that  this  and  the  rough  lemon  might  be 
preferred  in  regions  where  high  winds  sometimes  uproot  the  trees. 

An  experiment  was  started  in  1937  in  Montgomery  in  the  Punjab  and  a  report 
up  to  1940  was  published  by  L.  Singh  and  Singh  (1942  A).  The  Malta  orange, 
Sangtara  and  grapefruit  were  budded  on  apogamic  seedlings  and  cuttings  of  the 
sweet  lime,  rough  lemon,  citron  and  kharna  khatta;  and  on  seedling  of  shaddock 
and  a  type  received  from  Ceylon  under  the  name  nasnaraim  said  to  be  C.  japomca. 
Baiwa  and  Singh  (1945),  report  that  in  all  cases  in  which  rootstocks  were 
grown  from  cuttings,  the  scions  budded  on  these  were  more  vigorous  and  more  Irui  • 
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ful  than  those  on  seedlings.  With  all  scions  except  the  Bloodred  Malta,  kharna 
fchatta  was  most  vigorous  until  bearing  started,  and  it  continued  so  with  the  Sangtara. 
Because  of  heavier  cropping  with  the  Malta  (local)  and  grapefruit,  the  trees  of 
these  dropped  behind  those  on  rough  lemon  in  size..  Citron  and  sweet  lime  dwarfed 
all  the  scions,  and  were  considered  unsuitable,  except  possibly  for  the  Sangtara. 
A asnarain  produced  nearly  as  much  fruit  ol  the  Malta  (local)  as  did  kharna  khatta, 
and  there  was  some  evidence  that  the  fruit  was  of  better  quality. 

The  Blopdred  Malta  on  kharna  khatta  started  well,  but  according  to  L.  Singh 
and  Singh  (1944),  showed  delayed  compatibility.  There  was  much  splitting  of 
the  bark  beginning  when  the  trees  were  about  two  years  old,  and  the  trees  which  did 
not  die  were  largely  defoliated  each  winter.  For  this  scion  the  rough  lemon  was 
outstandingly  the  best  rootstock.  In  this  connection,  it  is  interesting  that  Provatj 
(1933)  reports  that  in  Victoria,  Australia,  most  varieties  of  the  sweet  orange  do 
well  on  the  rough  lemon,  but  that  the  Maltese  Blood  variety  was  a  failure  on  this 
stock.  Singh  and  Nagpal  (1947)  report  that  through  the  first  four  years  of  bear¬ 
ing.  Marsh  grapefruit  had  proven  vigorous  and  most  productive  on  kharna  khatta 
rootstock,  although  after  bearing  began  the  trees  on  rough  lemon  had  grown  a  little 
more  rapidly.  Bough  lemon  and  shaddock  were  fairly  satisfactory.  A  high 
negative  correlation  was  found  between  growth  increment  and  cropping.  •  The 
grapefruit  on  rootstocks  grown  from  cuttings  were  all  larger  than  those  on  seed¬ 
lings,  and  in  15  out  of  16  comparisons,  out-yielded  them. 

Khan  f  1949)  reports  that  up  to  the  age  of  five  years,  the  Valencia  orange 
in  the  West  Punjab  was  most  vigorous  on  “Jamberi”,  which  is  said  to  differ  from 
the  lough  lemon  slightly  in  the  shape  of  the  fruit,  but  should  probably  be  con¬ 
sidered  a  form  of  it.  Other  fairly  vigorous  rootstocks  were  the  kharna  khatta, 

rough  lemon,  sour  orange,  and  three  types  more  or  less  similar  to  the  rough  lemon 
and  possibly  bud  sports  of  it. 


Although  most  of  the  oranges  in  Assam  are  seedlings,  and  under  favourable 
conditions  these  have  a  long,  profitable  life,  under  some  conditions,  especially  on 
t  ie  plants,  they  lack  vigour,  hear  poorly,  and  do  not  live  long.  To  find  a  satis- 

vTrr*  •UCh  <j0n<li,io"s’  *n  exl'e|inient  has  been  started  at  Burnihat, 

When  N  a  m  n,a"  arm  and  °ther  SCionS  budded  011  a  of  rootstocks. 

buddi„^  the  I  '3  '3’  “?d  DU“  (m3)  re|’°r,ed  on  the  trees  28  months  after 

SS.tr  l,80r°Ut.P  ,S  WCre  °"  ,W  I™  »hM’  ^  -id  to  he  a  lemon, 
however  Woodford  *  T™*  *  C°"sidered  the  lemon.  Later. 

ru'.jrr.'o1!’  -  **  • 

Khasi  mandarin,  and  apparently  suitable  for  most  species  Das  (msT  * 

>t  best  for  the  sweet  orange  as  well  as  the  mandarin  r  l  !  eonstders 

pummelo  ( rabab  team)  but  this  rnnid  i  it  Grapefruit  did  well  on  the 

-  suitable  for  thelndlrin  T ITlZt  '(CitZ  ^  *”*>  — 

rapeda)  was  definitely  dwarfing  and  Z  ,  n  m^<>ptera,  of  the  subgemts 

The  Kata  jamir  of  the  Surma  vaTlev  or  T  r  (  ‘?  !°m)  was  also  unsuitable. 

Surma  valley,  or  Tulta  tenga  of  the  Assam  valley  was  found 
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generally  compatible  with  the  various  scions  tested,  and  may  be  useful  in  some 

circumstances.  Ihis  and  the  soh  myndong  are  both  placed  in  the  species  C.  jam- 

Tm  by  Bha,tachar>f  and  Dutta  (1949  A),  although  the  former  has  smooth  round 
Iruits. 


At  leiadeniya,  Ceylon,  four  varieties  of  grapefruit  were  budded  on  sour 
orange,  rough  lemon,  pummelo,  and  a  hybrid.  Richards  (1938,  1915)  reports 
\igoious  healthy  growth  on  the  rough  lemon,  but  variable  growth  on  the  sour  orange 
and  the  hybrid,  with  most  of  the  plants  stunted  and  chlorotic.  The  pummelo  was 
a  lailuie  in  all  cases.  Similar  results  were  observed  at  Hingurakgoda  and  Nalanda. 
At  Nalanda  the  Nagpur  Santara  grew  well  on  the  sour  orange,  although  other 
mandarins,  Beauty  of  Glen  Retreat  and  Emperoi,  failed.  Where  conditions  are 
more  favourable,  symptoms  on  the  Srour  orange  rootstocks  are  less  severe,  accord¬ 
ing  to  Richards  (1948).  The  failure  of  sweet  orange,  mandarin,  and  Tahiti  lime 
on  the  European  lemon  (which  flourishes)  at  semi-dry  Malpotha,  at  an  elevation  of 
3,500  feet,  is  attributed  to  a  virus  disease.  All  citrus  fruits  do  well  on  the  rough 
lemon  at  this  station. 


g  a 


Vigour,  of  course,  is  only  one  of  the  factors  ot  be  considered  in  selectin 
rootstock.  Frequently  the  quality  of  the  fruit  seems  to  be  poorer  on  the  more 
vigorous  stock.  Richards  (1940),  working  in  California,  found  that  of  five  root’ 
stocks,  the  rough  lemon  produced  the  most  vigorous  trees  of  six  different  scions,  but 
fruit  with  the  lowest  content  both  of  acid  and  total  solids.  Trifoliate  orange  was 
the  most  dwarfing,  but  produced  fruit  of  the  highest  acid  and  total  solids  content. 
Such  fruit  is  generally  preferred.  He  also  found  that  the  invigorating  stocks  tend¬ 
ed  to  hasten  granulation.  The  undesirable  effects  of  too  great  vigour  are  likely  to 
become  less  marked  as  the  trees  grow  older.  lhat  lack  of  vigour  does  not  always 
result  in  fruit  of  superior  quality  is  evident  from  an  experiment  reported  by  Halma 
(1943),  in  which  the  Eureka  lemon  as  rootstock  not  only  dwarfed  the  Valencia 
orange,  in  comparison  with  sweet  orange  stock,  but  produced  fruit  with  a  thicker 
rind  and  a  lower  content  of  both  acid  and  total  solids.  That  at  least  part  of  the 
effect  of  different  rootstocks  on  the  quality  of  the  fruit  may  be  due  to  differences 
in  the  absorption  of  minerals  is  indicated  by.  Haas  (1948  C).  He  found  that  the 
percentages  of  phosphorus,  potassium,  calcium,  and  magnesium  in  the  dry  matter 
of  citrus  flowers  were  associated  with  the  nature  of  the  rootstock,  and  that  a  root- 
stock  which  gave  a  high  percentage  of  one  mineral  might  rank  low  in  another. 
The  tendency  of  the  juice  of  the  Washington  Navel  orange  to  turn  bitter  was  found 
by  Marsh  and  Cameron  (1950)  to  be  related  to  the  rootstock.  Fruit  grown  on 
grapefruit  rootstock  contained  very  little  of  the  precursor  of  bitterness  and  this 
disappeared  early  in  the  season.  Slightly  more  occurred  in  that  grown. on  tnfo  late 
and  ordinary  sweet  orange  stock,  and  considerably  more  in  that  on  sour  orange 
.slock  or  from  trees  grown  as  cuttings,  while  the  rough  lemon  had  the  worst  effect 
The  general  quality  of  the  juice  followed  much  the  same  pattern,  being  best  m  fru.t 

grown  on  trifoliate  stock  and  poorest  in  that  on  rough  lemon. 

Although  seeds  for  propagation  may  be  taken  from  a  ripe  fruit  w 
results  it  is  frequently  better  to  use  seeds  from  immature  fruit.  B.  Sing  (  > 
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...  puniab  Seeds  of  karna,  rough  lemon  and  lemon  taken  from 
f  = 

Hfc IJZ"T*:2  ■  Nandi  and  others  (1945)  found  that 

Ktft  Stm  E3  :r  m  rmiddUof  December, 

and  d,en  decreased  to  81  by  the  first  of  January.  The  time  taken  (or  gernnnaUon 
increased  from  42  days  early  in  the  season  to  76  at  the  end. 


Citrus  seeds  lose  their  viability  if  stored  for  very  long,  especially  if  they 
are  allowed  to  become  dry.  It  has  been  reported  (Anon.,  1942)  that  at  Montgomery 
seeds  lost  nearly  50%  of  their  viability  within  15  days,  and  that  practica  y  none 
grew  after  three  months  in  storage.'  Nandi  and  others  (1945)  found  that  all  citrus 
seeds  deteriorated  in  storage,  but  that  the  larger  kinds  tended  to  retain  their  viability 
longer  than  the  smaller  ones.  Exposure  of  the  seeds  to  sunshine  for  even  four 
hours  reduced  germination,  and  after  36  hours  in  the  sun  none  of  the  seeds  grew. 
It  is  ordinarily  preferable  to  plant  the  seed  soon  after  they  are  removed  from  the 
mature  fruit,  although  Bhat  (1929)  reports  that  jamburi  seed  could  be  kept  up  to 
131  days  without  a  decrease  in  the  percentage  of  germination.  He  found  thaf 
germination  began  in  about  20  days  when  fresh,  but  required  twice  as  long  in  the 
case  of  older  seed- 


The  seedlings  are  subject  to  damping  off  if  conditions  are  favour* 
able  to  this  disease.  They  should  be  transplanted  when  two  or  three  inches 
high,  and  may  be  moved  again  before  budding.  Stevenson  (1947  B)  in  Madhya 
Pradesh  found  it  desirable  to  shelter  the  seedlings  so  that  no  sunshine  struck  them 
between  10  a.m.  and  3  p.m.  About  *12%  of  the  leaves  of  unshaded  seedlings  were 
scorched  in  the  hot  weather,  while  a  third  of  them  died  and  others  failed  to  grow 
v.7ell  in  the  rainy  season,  supposedly  because  of  too  much  water  around  the  roots. 


The  importance  of  discarding  the  w7eak  seedlings  at  the  time  of  the  first 
transplanting,  and  again  just  before  budding,  has  been  pointed  out  by  Webber 
(1932).  As  polyembryony  is  common,  the  majority  of  the  seedlings  in  most 
species  arise  from  unfertilized  embryos,  and  resemble  the  parent  plant  very  closely. 
The  sexually  produced  seedlings  vary  a  great  deal,  and  are  likely  to  be  lacking  in 
vigour.  By  discarding  these  small  seedlings,  stock  can  be  secured  which  is 
uniform  and  strong.  It  has  been  found  by  careful  observation  and  recording 
that  trees  grown  on  these  small  variants  never  become  as  large  and  fruitful  as 
those  grown  on  the  apogamic  stock.  As  a  result  of  work  by  himself  and  other 
investigators,  Webber  gives  the  percentage  of  apogamic  seedlings  in  different  spe¬ 
cies  as  follows:  sweet  orange,  40  to  95;  sour  orange,  75  to  85;  grapefruit,  60  to  95; 
mandarin  orange,  10  to  100;  lemon,,  10  to  96;  citron  40  to  50  and  trifoliate  orange. 
72.  Some  of  the  hybrids  which  are  promising  stocks  seem  to  be  practically  100 
per  cent  apogamic.  Nandi  and  others  (1945)  report  on  the  percentage  of  seeds  in 
several  species  producing  more  than  one  seedling  (part  of  those  producing  only  one 
ftere  doubtless  also  pplyembryonic,  with  only  ope  apogamic  embryo  developing). 
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Thj  o!fo?1  Perc®"laSe’  36.84,. was  in  the  sweet  lime,  followed  by  two  lemons  33  5 
.»  .  ;  the  khasi  mandarin,  27.08;  rough  lemon,  24.64;  Ada  Jamir ,  15-  sour 

°:a"ge’  '  ;  a"d  ,hf  c"ron  an<i  Pummelo,  0.  Out  of  380  seeds,  138  produced 

olTed  Lng?  eaC,  ’  a"f  tW°  pr°duced  as  ma-y  a*  four  each.  Agarwal  (1917) 
-oumed  the  number  of  embryos  in  .he  sweet  lime,  and  found  that  while  nearly  half 

he  seeds  produced  only  1  seedling,  and  none  produced  more  than  ,4,  92 %  were 
polv embryonic,  and  some  contained  as  many  as  7  embryos. 


In  growing  the  young  budded  trees  in  the  nursery,  care  is  necessary  in  order 
to  produce  a  straight  clean  stem.  Bhat  (1929)  has  pointed  out  that  there  is  a  tend- 
ency  for  several  shoots  to  arise  from  one  Santara  bud,  and  this  is  true  of  other 
types  also  All  but  one  should  be  removed,  and  later,  when  branching  is  allowed, 
the  branches  should  be  well  spaced.  In  a  tree  with  many  branches  arising  close  to- 
get  ier  near  the  ground,  the  treatment  of  gummosis  and  the  stem  borer  is  un¬ 
necessarily  difficult.  In  order  to  develop  a  good  straight  stem,  the  young  plant 
should  be  staked,  a  light  bamboo  stake  being  quite  satisfactory.  Side  branches  tend 
to  lake  the  lead  o\er  those  arising  from  the  terminal  bud  and  may  be  allowed  to  take 
their  place.  In  most  citrus  areas  of  the  world  except  Palestine,  the  preference 
is  for  a  rather  lowdieaded  tree,  with  the  lowest  branch  perhaps  a  foot  and  a  half 
from  the  ground. 


The  age  at  which  rootstocks  are  ready  for  budding  depends  on  the  species 
and  on  soil  and  climatic  conditions,  varying  from  less  than  a  year  to  several  years. 
In  areas  such  as  Allahabad  where  the  growing  season  is  long,  vigorous  rootstocks 
are  ready  in  about  a  year,  but, in  the  Punjab  growth  is  much  slower.  In  order  to 
lessen  the  time  in  the  nursery,  Bajwa  and  Chhabra  (1946)  suggest  sowing  the  seeds  in 
August  or  September,  4  to  4  inch  deep,  1  to  2  inches  apart,  in  rows  9  to  10  inches 
apart.  Good  care  is  given  to  encourage  rapid  growth,  including  covering  the  seed¬ 
lings  at  night  with  a  thatch  in  mid-wrinter.  The  larger  seedlings  may  be  trans¬ 
planted  in  February,  and  the  rest  in  the  next  monsoon  season.  All  the  plants  in 
every  third  line  are  transplanted,  and  the  others  are  thinned  to  6  to  9  inches  apart. 
The  plants  removed  are  replanted  at  that  distance  in  pairs  of  rows  10  inches  apart, 
with  20  inches  between  pairs.  The  seedlings  which  have  not  been  transplanted  are 
said  to  be  ready  for  budding  when  1  or  1 4  years  old,  and  the  others  a  year  after 
transplanting.  The  budlings  are  saleable  one  year,  in  the  case  of  those  not  trans¬ 
planted,  or  14  years  after  budding- 

Culture 


The  citrus  trees,  being  evergreen,  are  best  transplanted  during  the  monsoon 
season.  Unless  they  are  to  be  moved  long  distances,  no  special  precautions  need 
to  be  taken. 

Considerable  difference  of  opinion  exists  as  to  the  correct  distance  at  which 
to  plant  the  various  citrus  fruits.  I  his  will  vary  with  the  variety,  the  stock,  the 
soil,  and  the  cultural  methods  used.  If  the  orchard  is  crowded,  cultivation  will 
have  to  be  done  by  hand.  Many  Indian  citrus  orchards,  like  those  of  other  fruits, 
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are  so 


closely  planted  that  oxen  cannot  work  between  the  trees,  and  the  yield  of 
mature  trees  is  less  than  it  would  have  been  with  sufficient  spacing.  The  Report  on 
the  Marketing  of  Citrus  Fruits  states  that  in  all  parts  of  the  country  the  older 
orchards  are  irregular  and  crowded,  with  such  extremes  as  300  limes  per  acre  in 
Madras  and  500  oranges  in  Assam.  In  Bombay  the  older  orchards  both  of 

Mosambi  and  Santara  are  said  to  have  the  trees  about  10  to  12  feet  apart,  while  in  the 
newer  plantings  15  to  21  feet  is  allowed , between  plants.  Similar  distances  are 
given  for  other  provinces.  Fortunately  the  tendency  is  toward  more  space,  and  in 
the  newer  orchards  in  Madras  about  27  feet  is  a  common  spacing  for  sweet  oranges 
and  up  to  this  distance  is  allowed  for  the  lime.  Still  greater  distances,  30  to  36 
feet,  arc  used  in  the  kichili  orchards.  Naik  (1949)  says  that  Sathgudi  seedlings 
are  planted  27  to  30  ft.  apart,  but  that  20  to  25  ft.  seems  sufficient  for  budded  plants 
of  this  variety  .and,  of  the  lemon  and  pummel o.  He  suggests  25  to  .30  ft.  for 
seedling  limes,  and  at  least  20  for  budded  plants;  18  ft.  for  grapefruit  at  Coonoor 
and  at  least  20  ft.  on  the  plains;  and  22  to  25  ft.  for  seedling  mandarins. 

The  common  practice  seems  to  have  inlluenced  most  writers  on  the  subject, 
who  tend  to  recommend  rather  close  planting.  Allan  (1934)  recommends  not  less 
than  16  feet  for  the  sweet  orange,  18  to  20  feet  for  the  Santara  and  grapefruit,  and 
22  feet  for  the  pummelo.  Paranjpye  (1937)  suggests  18  feet  for  the  sweet  orange, 
but  only  15  feet  for  the  Santara  in  Poona  and  18  feet  in  Khandesh.  Conditions 
in  Assam  apparently  do  not  encourage  growth,  for  Bhattacharya  and  Dutta  (1949  A) 
urge  that  trees  be  planted  so  that  the  branches  will  never  touch,  but  suggest  as  a 
general  rule,  the  following  distances:  Khasi  mandarin,  15-20  ft.;  sweet  oranges, 
20-25  ft.;  limes  12-lo  ft.;  lemons  12-18  ft.;  pummeloes  and  grapefruit,  22-25  ft.  In 
most  of  the  important  citrus-growing  countries,  wider  spacing  is  practised,  20  to 
25  feet  being  common  for  oranges,  lemons,  and  grapefruit.  Palestine  is  an  excep¬ 
tion,  some  of  the  older  orchards  having  trees  10  or  even  6  feet  apart.  The  pres¬ 
ent  tendency  there  is  to  increase  the  distance  to  about  20  feet.  Some  kinds  of 
loose-skinned  oranges  form  rather  small  bushy  trees,  but  this  is  not  true  of  the  San- 
lara.  The  laller  is  at  first  a  ratlier  slender  tree,  but  after  it  begins  to  bear,  it 
spreads  out  Under  most  conditions,  even  the  smaller  types  of  citrus  fruit  grown 
commercially  in  India  should  probably  be  planted  at  least  20  feet  apart.  In  some 

cases  ,t  may  be  wise  to  plant  the  trees  at  about  15  by  20  feet,  and  later  to  remove 
alternate  trees  so  as  to  leave  them  20  by  30  feet. 

The  citrus  trees  produce  many  fibrous  roots  in  the  surface  soil,  so  that  it  is 
ordinarily  impossible  to.  cultivate  the  soil  at  all  without  breaking  some  of  the  roots 
■  mne  cultivation,  however,  is  ordinarily  necessary  in  order  to  control  the  weeds  and 
incorporate  organic  matter  in  the  soil.  The  increasing  „  r  ■ 

every  irrigation,  so  that  no  weedTmight  grow  '’ThT  -°  C"'"'  ate  thorou«hly  after 

harmful.  It  i,  probably  sufficient  to  plough  or  dm  the  T*?®*17  a"d  ma>  be 
enough  to  cover  a  "reen  rnannm  rm.  i  ,  .  °  1  orchard  once  a  year,  deep 

weeds  from  going  to  seed.  ’  am  “Va'e  frctlucnlly  ^ugh  to  prevent 
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Cultivation,  in  Assam  presents  special,  difficulties  as  much  of  the  fruit  is 
grown  on  steep  hillsides.  Most  growers  do  not  cultivate  at  all,  but  cut  the  under¬ 
growth  before  harvesting.  Woodford  (1948)  reports  that  a  higher  yield  was 
secured  by  a  light  hoeing  three  times  a  year,  and  Bhattacharya  and  Dutta  (1949  A) 
consider  the  effects  of  lailure  to  cultivate  so  serious  that  they  recommend  terracing, 
or  at  least  leveling  a  circular  bed  5  or  6  feet  in  diameter  for  each  tree.  Even  on 
the  plains  tillage  is  often  neglected,  and  these  authors  (1949  B)  report  on  an 
experiment  in  a  private  orchard  on  typical  old  alluvium  of  the  Brahmaputra  valley, 
with  seedling  trees  25  years  old  and  in,  a  state  of  decline.  Part  of  the  trees  were 
hoed  and  sprayed  with  Bordeaux  mixture,  and  bore  significantly  more  fruit  than 
those  which  had  no  care  except  the  cutting  of  weeds  before  the  harvest. 

Irrigation  is  necessary  in  order  to  keep  citrus  trees  in  a  healthy  condition 
under  most  Indian  conditions,  and  in  most  other  citrus-growing  regions  of  the 
world.  Mandarins  are  grown  in  Coorg  without  irrigation  on  well-drained  black 
and  red  loam  soils  2,500  to  4,000  feet  above  sea  level,  with  35  to  200  inches  of  rain 
a  year.  The  citrus  Orchards  of  Assam  are  also  unirrigated  except  for  some  on  the 
plains,  but  irrigation  would  be  beneficial.  Mitra  and  Khongwir  ( 1928)  suggest 
that  the  appearance  of  mottle-leaf  and  die-back  in  the  dry  season  is  caused  by  a 
lack  of  moisture.  The  situation  may  be  aggravated  by  the  killing  of  roots  when 
the  soil  is  water-logged  in  the  rainy  season.  Any  lack  of  moisture  when  growing 
fruits  are  on  the  tree  is  likely  to  reduce  the  rate  of  growth  and  result  in  smaller 
fruit,  or  even  to  cause  the  fruit  to  fall.  Too  much  irrigation  is  harmful,  even  on 
fairly  well-drained  soil,  and  any  water-logging  is  to  be  strictly  avoided.  Water¬ 
logging  frequently  reduces  the  area  in  which  the  roots  are  effective,  and  may  make 
more  frequent  irrigation  necessary.  Phatak  (1934)  states  that  the  Santara  garden 
at  the  Nagpur  Agricultural  College  showed  great  improvement  as  a  result  of  drain¬ 
age,  and  that  it  was  then  necessary  to  irrigate  only  once  a  month,  as  compared  with 
the'weekly  irrigation  given  in  the  neighbouring  orchards 


In  heavy  soils,  the  great  majority  of  the  roots  are  to  be  found  in  the  top  two 
md  a  half  feet  of  the  soil,  and  even  in  light  soil,  most  of  the  roots  are  in  the  top 
our  feet.  It  is  obviously  undesirable  to  irrigate  below  the  root  zone,  excep 
iccasionally  lo  wash  undesirable  salts  from  the  surface  soil  under  conditions  m  winch 
-hese  are  likely  to  accumulate.  Irrigation  should  he  so  planned  as  to  we 
root  zone  frequently  enough  to  keep  it  from  drying  out.  As  most  of  ro  t. 
fairly  close  to  the  surface,  the  upper  soil  is  likely  to  dry  out  more 
which  case  one  or  more  light  irrigations  may  he  given  between  the  more  thorou. 
rri"ations  While  a  soil  augur  is  the  best  means  of  determining  the  time  n 

much  can  he  told  by  the  appearance  of  the  leaves,  which  begin  to  cur.  whim 
he  water  supply  is  inadequate.  If  the  tree  is  not  getting  enoug  water,  some  i  ^ 
je  withdrawn  from  the  fruit  during  the  day  and  by  careful  measurement  oMhe 
■rui.  in  the  morning  and  evening  this  can  be  detected  n  ^  ^ 

,e  well  to  reduce  the  temperature  of  the  soil  by  Div  »  e 
juently  than  would  be  necessary  to  supply  the  needs  of  the  tree. 
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The  exact  method  of  irrigation  is  no.  important,  prov.ded  no  water^. 
allowed  to  touch  the  trunk  of  the  tree.  Furrow  HTigrton  ts  com  ’ 

hu,  Hooding  is  also  satisfactory  where  water  ts  abundant  and  cheap  Na  k  ( 
f  *hp  furrow  system  has  not  been  adequately  tried  in  India  and  is  . 

:  SU  ^  ■*.  ^  ^  sys,m  «.  **  o„.y  -  Wh,ch 

can  he  recommended  at  present. 

Maintaining  the  fertility  of  orchard  soils  is  a  complex  problem,  as  has  been 
seen  in  Chapter  5.  More  experimental  work  has  been  done  with  citrus  fruits  an 
wilh  any  other  fruit  commonly  grown  in  India,  hu.  there  is  sttll  .much  to  be  discov¬ 
ered  and  more  to  he  understood.  Differences  in  requirements  between  the  diffei- 
ent  kinds  of  citrus  fruits  seem  not  to  be  great,  but  there  is  a  great  deal  of  diller- 
ence  between  desirable  treatments  on  different  soils  and  under  different  climatic 
conditions.  Nutrients  are  likely  to  be  leached  from  the  soil  if  the  pH  is  below 
about  5.5.  and  to  be  unavailable  if  it  is  more  than  about  7.  It  is  comparatively 
easy  to  maintain  fertility  in  a  soil  with  a  pH  ol  about  6. 


Nitrogen  is  required  in  fairly  large  amounts  in  all  cases,  more  apparently 
being  needed  in  California,  where-  as  much  as  three  pounds  per  tree  per  annum  is 
recommended,  and  in  Arizona,  where  Finch  and  McGeorge  (1940,  1945)  stress  its 
importance,  than  in  Florida,  although  the  soils  there  are  poor  and  sandy.  As  has 
been  seen,  Bain  (1949)  explains  the  greater  need  in  California  mainly  on  the  basis 
of  the  greater  amount  of  sunshine  there,  but  Chapman  (1951)  believes  that  there 
are  other  reasons.  He  states  that  while  many  growers  add  from  200  to  400  lbs. 
of  nitrogen  per  acre  each  year,  the  trees  remove  only  from  40  to  60  lbs.  Much  is 
lost  by  leaching,  especially  as  in  many  California  orchards  the  root  development 
is  poor  in  the  areas  where  the  fertilizer  and  water  are  applied,  and  because  the 
nitrogen  increases  in  the  surface  soil  during  the  summer  and  is  carried  down  by 
lains  in  the  winter  when  the  trees  need  it  least.  Nitrogen  is  also  lost  by  volitiza- 
tion  under  fully  aerobic  conditions,  especially  when  decomposable  organic  matter 
is  present.  This  may  be  one  reason  why  less  nitrogen  is  required  under  non-til¬ 
lage,  as  organic  matter  is  not  added.  In  neutral  or  alkaline  soils,  such  as  are 
common  in  California,  as  much  as  a  fourth  of  the  nitrogen  added  may  be  lost  by 
the  volitization  of  ammonia.  The  comparative  abundance  of  phosphorus  in  the 
soils  there  seems  to  produce  symptoms  of  nitrogen  starvation,  perhaps  by  increas¬ 
ing  the  activity  of  the  organisms  causing  volitization.  The  larger  amounts  of 
potassium  in  the  soils  of  Florida  and  Texas  tend  to  increase  nitrogen  absorption  by  the 
trees  there.  In  South  Africa  the  importance  of  nitrogen  has  been  emphasized  by  Powell 
(1930)  and  Morris  (1937),  but  the  quantity  required  may  be  less  than  in  California, 
tor  Anderssen  (1937)  reports  an  experiment  in  which  the  application  of  nitrogen  in¬ 
duced  a  marked  increase  in  the  crop,  but  with  no  significant  difference  between 
trees  given* 2,  4,  and  6  pounds  of  ammonium  sulphate.  It  is  possible  to  decrease 
the  yield  by  adding  too  much  nitrogen,  but  in  India  the  danger  of  this  happening 
seems  very  small.  If  too  much  nitrogen,  particularly  in  soluble  form,  is  added 
at  one  time  there  may  be  considerable  loss  through  leaching.  Rohrbaugh  (1946) 
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po  r  l  e  lf  ,  .I*  add,e  al0"g  Whh  °rganic  ma"«  '>*  aeration 

•  ‘  T  ma>', '?  Cha“8ed  »*«*•«  which  is  highly  toxic  to  the  trees  It 

ts  connnonly  -commended  that  a,  least  half  of  the  nitrogen  he  applied  in  the  Lm 

ilia  Mh?0"'!  !T  VT  \  f°r  "‘e  beneficlal  effecl  °f  ‘his  on  the  structure  and 

i  t  -  y01  ’  a','d  Pal‘  y  because  'he  organic  matter  contains  other  elements, 
aonie  of  which  may  be  needed. 


M,  ™a'‘he  ",me,of  apphcation  may  he  of  great  importance  is  pointed  out  by 
‘  ”  ,  91)  ''ho  lound  ,hat  1,1  Arizona  the  application  of  nitrogen  and  the  prac 

lice  ol  clean  cultivation,  both. in  winter,  advanced  the  spring  growth  by  as  much  as 
10  days,  increased  the  nitrogen  content  of  the  trees  prior  to  bloom,  and  tended  to 
intam  a  satis  actojy  yield.  On  the  other  hand,  the  same  practices  in  summer 
resulted  in  coarse  fruit.  This  is  explained  by  Jones  and  others  (1944)  who  found 
that  tlie  application  of  nitrogen  in  winter  markedly  increased  the  amount  in  the 
leaves,  but  not  in  the  maturing  fruit. 


Phosphorus  is  very  rarely  a  factor  limiting  the  growth  or  yield  of  citrus 
tiees,  although  symptoms  ot  deficiency  can  be  readily  produced  in  water  or  sand 
cultures.  Haas  (1936)  describes  the  symptoms  .in  trees  grown  in  sand  culture,  the 
lea\es  ol  which  contained  only  .05  to  ,.07 %  phosphorus,  whereas  those  of  orchard 
trees  contained  several  times  as  much.  Innes  (1946)  found  that  in  a  soil  defi¬ 
cient  in  both  phosphorus  and  potassium,  the  addition  of  these  elements  markedly 
increased  growth  in  the  first  two  years,  but  not  thereafter.  In  some  cases  he  found 

the  yield  increased  through  an  increase  in  the  size  of  the  fruit.  Even  in  South 

Africa,  where  the  soils  are  notoriously  low  in  phosphorus,  Bathurst  (1945)  found 

only  one  badly  neglected  orchard  in  which  the  application  of  phosphorus  increased 

the  yield.  In  Florida  the  use  of  superphosphate  has  been  standard  practice,  partly 
because  recommended  by  the  manufacturers  of  fertilizers,  but  Reuther  and  others 
(194-9)  report  that  in  careful  experiments  on  two  varieties  of  orange,  with  three 
levels  of  application,  superphosphate  had  no  significant  effect  on  the  total  yield. 
In  the  case  of  the  Valencia  orange,  there  was  indication  of  a  depression  of  growth 
associated  with  heavy  applications.  On  similar  acid  sandy  soils,  however,  Wander 
(1950)  reports  that  the  use  of  superphosphate  along  with  ground  limestone  (to 
bring  the  pH  'up  to  5.5  or  6)  resulted  in  an  accumulation  of  calcium  phosphate 
which  helped  to  retain  magnesium  and  manganese,  and  in  the  consequent  better  nutri¬ 
tion  of  grapefruit  trees.  Aldrich  and  Haas  (1949)  found  symptoms  of  phosphorus 
and  potassium  deficiency  in  certain  lemon  orchards  in  California,  and  by  injecting 
these  elements  into  the  trees,  improved  their  vigour.  Adrich  and  Coony  (1951) 
found  that  soil  applications  of  phosphorus  in  some  lemon  orchards  improved  the 
growth  and  probably  increased  the  yield.  Orange  trees  on  the  same  properties 
showed  neither  symptoms  of  deficiency  nor  response  to  phosphorus  applications. 
Haas  (1951)  found  a  marked  response  of  lemons  in  sand  culture  to  increasing 
phosphorus  even  when  the  amount  present  was  comparatively  large  (b>6  ppm). 
But  Valencia  oranges  responded  only  at  the  lower  levels,  ol  ppm  being  a*  good  a* 
62,  and  growth  decreased  when  phosphorus  levels  were  above  about  77. ‘o  ppm, 
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apparently  because  this  interfered  with  the  absorption  of  nitrogen.  Chapman  and 
Fullmer  (1951)  found  that  about  10%  of  the  orange  orchards  in  California  were 
low  enough  in  phosphorus  to  respond  slightly  to  additions,  in  both  yield  and  quality, 
but  in  at  least  as  many  orchards  there  was  too  much  phosphorus,  which  has  a  ten¬ 
dency  to  reduce  the  size  of  the  fruit  and  to  aggravate  zinc  and  iron  deficiencies. 
This  excess  is  considered  to  have  been  caused  by  the  use  of  manure  and  mixed 
fertilizers. 


The  situation  regarding  potassium  is  similar.  As  already  mentioned,  Innes 
(1946)  found  that  the  growth  of  young  trees  in  a  deficient  soil  could  be  increased 
by  adding  potassium.  Arnot  (1946)  reports  that  a  disease  caused  by  a  deficiency 
of  potassium,  called  ‘burnt  leaf’  or  ‘coastal  decline’  was  widespread  in  Australia 
in  1938,  and  has  recurred  irregularly  since  then.  Investigations  in  California  re¬ 
peatedly  showed  no  lack  of  potasium,  but  Haas  (1948  B)  found  certain  leaf  symp¬ 
toms  associated  with  a  low  potassium  content  of  the  leaves  As  the  potassium 
content  of  leaves  decreases  as  old  age  approaches,  he  thought  that  an  ample  supply- 
might  delay  senility  in  leaves.  He  states  that  1%  potassium  in  the  dry  matter  of  leaves 
is  ample,  and  that  .2%  indicates  a  deficiency,  but  that  the  interpretation  of  values 
between  the  two  is  doubtful.  Parker  and  Jones  (1950  A,  B)  in  an  experiment 
at  Riverside  begun  in  1927  found  that  trees  receiving  potassium  had  borne  a  larger 
proportion  of  large  fruit,  at  least  since  1939.  The  difference  was  greater  in  years 
when  the  fruit  tended  to  be  small.  The  variation  in  potassium  in  the  leaves  was 
Jound  to  account  tor  57%  of  the  variation  in  size.  Responses  in  size  occurred  at 
higher  levels  of  potassium  nutrition  than  those  which  influence  fruit  setting,  pre¬ 
harvest  drop,  or  recognized  visual  symptoms  other  than  fruit  size.  Chapman 
and  Fullmer  (1951)  report  that  leaf  analysis  shows  that  potassium  is  somewhat 
low  in  many  California  orchards,  ip  which  the  size  may  be  increased  by  applying 
tins  element.  The  increase  in  yield  is  much  less. 


Deficiencies  in  phosphorus  and  potassium  are  more  likely  to  affect  the  com¬ 
position  and  quality  of  the  fruit  than  the  yield  or  the  growth  of  the  tree.  Jones 
and  Parker  (1949A)  report  that  the  application  of  nitrogen,  phosphorus,  and 
potassium  each  increased  the  percentage  of  that  element  in  the  juice,  while  winter 
cover-crops  reduced  nitrogen  and  potassium,  and  slightly  increased  calcium.  They 
found  significant  correlations  between  potassium  in  the  juice  and  acidity;  and  between 
phosphorus  in  the  juice  and  the  percentage  of  juice  (probably  because  of  the  thin- 

Turner  ( 19%t  “"f  a"d  'he  '°'V  aSC°rbic  add  content-  Va"  der  Plank  and 

mier  (1936)  refer  to  the  common  occurrence  of  sourness  in  oranges  and  crane 

r, henamoUu o  riCa’  ^  T  Z  °f  phos"h—  >°  ‘he  soil  increas- 

the  amount  of  juice  in  the  fruit  and  decreased  its  aciditv  aa- 

Sium  increased  the  acid.  This  was  confirmed  by  Morris  (’l937)  and  Andersst 
U93<).  The  latter  found  a  high  nitrogen  cnntpm  •  •  ^naerssen 

high  sugar  and  acid  content  and  good  keeping  quality  whileU ThTg^phosnl  "T 
-the  Phosphorus  and  that  the 'yield  increased  'rnjm 
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about  1,000  ppm,  after  which  it  fell.  During  three  years  the  maximum  yield  cante 
when  the  ratio  of  nitrogen  to  phosphorus  was  between  8.7  and  9.9  to  1. 


In  sand  and  water  cultures,  out  of  doors,  Chapman  and  others  (1948)  found 
that  a  low  nitrogen  content  in  a  complete  nutrient  solution  resulted  in  slower 
growing  trees  and  in  fruit  with  smooth  thin  skins  and  a  high  juice  content,  prob¬ 
ably  because  phosphorus  accumulates  under  such  conditions.  Plentiful  nitrogen 
and  low  phosphorus  gave  the  opposite  results.  Their  findings  agree  with  those  of 
others  that)  an  excess  of  potash  increases  acidity,  and  if  this  is  carried  to  extremes 
the  fruit  becomes  very  rough  and  coarse,  while  an  extreme  deficiency  results  in 
small  fruit.  In  similar  experiments  Chapman  and  Brown  (1942)  found  that  in 
a  solution  with  a  high  potassium  and  low  calcium  content,  Valencia  oranges  seem-  - 
ed  more  susceptible  to  gummosis,  and  Navels  were  subject  to  the  attack  of  other 
fungi  under  this  condition,  or  when  the  phosphate  content  was  high.  Innes  (1946) 
found  that  on  deficient  soils,  adding  potassium  increased  seediness  and  the  thick¬ 


ness  of  rind  and  core,  while  phosphorus  reduced  the  thickness  of  the  rind  and.  the 
total  solids  and  acid  in  the  juice.  In  soils  deficient  in  potassium,  its  addition 
improved  the  quality  of  the  juice,  but  where  nitrogen  and  phosphorus  were  deficient, 
potassium  increased  the  acidity  more  than  the  other  solids.  He  consideied  a  N.KoO 
ration  of  1.7  about  optimum. 

Haas  (1950  B)  found  that  in  controlled  cultures,  increasing  the  nitrate  in 
the  solution  decreased  the  phosphorus  in  the  leaves  and  increased  it  in  the  peel. 
About  62  ppm  of  phophorus  in  the  solution  resulted  in  excellent  quality  in  the 
fruit,  but  when  this  was  increased  to  77  ppm,  the  skin  was  very  thin  and  there  was 
creasing  and  puffing.  Smith  and  others  (1949)  found  no  effect  of  added  super¬ 
phosphate  on  Pineapple  oranges  in  Florida,  but  a  decreased  percentage  of  solids, 
including  acid  and  ascorbic  acid,  in  the  Valencia.  They  considered  the  changes 
accompanying  phosphorus  fertilization  there  not  to  benefit  fruit  quality,  but  to 
harm  it  in  the  case  of  the  Valencia.  Finch  and  McGeorge  (1945)  found  no  effect 
on  the  quality  of  grapefruit  in  Arizona  from  any  fertilizer  treatment.  The  addi¬ 
tion  of  nitrogen  tended  to  increase  the  amount  of  it  m  the  peel  and  decrease  the 
amount  of  phosphorus  in  the  peel  and  the  edible  portion.  Nitrogen  tended  to 

suppress  the  uptake  of  phosphorus  and  to  increase  the  uptake  of  calcium, 
in  turn  suppressed  potassium.  The  application  of  phosphorus  and  potassium  not 
only  had  no  effect  on  growth  or  fruiting,  but  had  no  effect  on  the  anioun t  o  e, the 
in  the  leaves  or  fruit.  In  the  same  area,  Jones  and  others  (IMS)  ^ found  that 
nrapefruit  matured  under  a  declining  level  of  nitrogen  in  the  soil  had  a 
high  riuio  of  total  solids  to  acid,  a  high  ascorbic  acid  content  earlier  colouring 
with  no  re-greening  of  the  fruit,  and  relatively  thin,  fine-textured  fruit • 
will,  fruit  matured  under  a  continuing  high  nitrogen  supply  Jones  and  Parke 
(1947)  found  that  at  Riverside  the  amount  ot  nitrogen  in  tie  juice ;  va  1 

nitrogen  in  the  juice  and  ascorbic  acid  >"  Navel  orang  decrease 

nrn  was  added  in  the  form  of  organic  matter  there  was  a  higtily  sig 

of  nitrogen  in  the  juice,  but  no  more  ascorbic  acid. 
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The  lack  of  a  number  of  other  elements,  in  addition  to  nitrogen,  phosphorus 
and  potassium  sometimes  causes  serious  trouble.  This  has  been  particularly  mark¬ 
ed  in  Florida  where  citrus  trees  are  grown  on  very  light  acid  soils,  subject  to  leach¬ 
ing  by  heavy  rains-  Camp  and  others  (1949)  discuss  deficiencies  in  zinc,  copper, 
manganese,  boron,  iron,  magnesium,  and  some  which  have  not  been  found  m  the 
field.  Deficiencies  in  a  number  of  these  elements  occur  in  California  and  have 
been  discussed  by  Chapman  and  others  (1945),  Rohrbaugh  (1946),  and  Batchelor 
(1948A).  These  authors  do  not  consider  magnesium  commonly  lacking  in  that 
state,  but  Haas  (1948A)  states  that  symptoms  of  its  deficiency  are  increasing  there. 
Boron  deficiency  seems  to  have  been  found  only  in  South  Africa,  where  Morris 
'(1938)  cured  the  ‘hard  fruit’  disease  by  adding  small  amounts  of  borax  to  the  soil. 
The  possibility  that  aluminium  may  play  a  part  in  the  nutrition  of  citrus  trees  is 
suggested  by  Haas  (1947),  although  he  does  not  claim  that  it  is  essential.  He 
found  considerable  improvement  in  the  plants  when  it  was  added  in  solution  and 
soil  cultures.  Treatment  of  these  deficiencies  bv  spraying  the  trees  or  adding  the 
elements  to  the  soil  is  generally  quite  effective,  though  there  is  frequently  some 
difficulty  in  recognizing  the  symptoms,  especially  if  there  is  a  deficiency  of  more 
than  one  element.  One  of  the  most  striking  effects  of  a  deficiency  of  these  minor 
elements  has  been  seen  in  Florida,  where  trees  which  were  deficient  suffer¬ 
ed  much  more  severely  from  frost  than  neighbouring  trees  which  had  been  properly 
fertilized. 

While  many  elements  can  be  supplied  by  applying  them  to  the  soil,  this 
method  is  not  satisfactory  in  all  cases.  Van  der  Plank  and  Turner  (1936)  did  not 
consider  the  addition  of  phosphorus  commercially  practicable  because  it  soon 
formed  insoluble  compounds  and  very  little  was  available  to  the  trees.  Anderssen 
(1910)  reports  that  it  was  possible  to  reduce  the  acidity  of  the  fruit  strikingly  by 
phosphate  sprays.  Rohrbaugh  (1946)  considers  that  the  only  satisfactory  way 
of  overcoming  a  deficiency  in  phosphate,  iron,  or  manganese  is  by  reducing  the  pll 
of  the  soil  to  about  6,  but  recognizes  that  this  may  not  be  practicable.  Iron  is 
also  applied  in  foliage  sprays.  Ferrous  sulphate  or  some  other  soluble  iron  salt 
may  be  satisfactory  if  in  an  active  condition,  not  weathered.  Haas  and  Zentmyer 
(1946A)  suggest  that  dusting  or  spraying  with  the  fungicide  Fermate  (ferric 
dimethyl  dithiocarbamate)  or  with  magnetite  (oxides  of  iron)  may  be  better 
Acidifying  all  iron  sprays  is  desirable,  and  sulphur  may  be  used  for  this  purpose. 
In  dusting,  it  is  an  advantage  first  to  spray  the  trees  with  acidified  water.  In  some 
case,  the  use  of  sulphur  interferes  with  the  biological  control  of  pests,  and  Haas 
and  Zentmyer  (1946B)  suggest  using  citric  or  other  acid,  or  such  materials  as 
dextrm,  glycerme  or  molasses.  They  think  the  use  of  organic  iron  salts,  such  as 
he  curate,  may  he  very  useful.  Even  partial  improvement  in  the  colour  of  the 
ves  may  be  accompanied  by  increased  intake  of  water  and  minerals  and  produc- 

a  periodl  n  dav'eS'  7.C°nSi<',‘ral’.l1e  ^emem  is  sometimes  seen  in  as  short 
j  ,.  ,  jlnc  can  eaM'y  be  supplied  by  spraying  with  zinc  sulphate 

d  lime,  and  copper  by  spraying  with  Bordeaux  mixture.  P 

•  n  excess  of  one  clement  may  interfere  with  the  absorption  of  another  or 
ay  some  cases  be  toxic,  Bathurst  (1945)  reports  severe  mottling  as  a  re- 
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suit  of  the  continued  application  of  superphosphate.  Batchelor  (1948A)  quotes 
a  report  that  an  excess  of  manganese  has  been  found  in  some  orchards  in  South 
Africa.  There  is  danger  of  boron  toxicity  in  California,  and  Penman  (1949)  re- 
ports  symptoms  of  boron  poisoning  and  a  reduction  of  yield  in  the  irrigated  areas 
of  northern  Victoria,  Australia.  It  is  apparently  caused  by  boron  in  the  soil  which 
\aries  up  to  16  ppm  or  more.  Symptoms  are  invariably  present  when  the  boron 
content  of  the  dry  matter  of  the  leaves  exceeds  500  ppm. 

Little  can  be  said  with  confidence  regarding  the  manuring  of  citrus  fruits  in 
India.  There  is  general  agreement  that  nitrogen  is  needed,  and  that  farmyard 
manure  is  ordinarily  the  best  form  in  which  to  add  it.  Mitter  and  Khongwir 
(1928)  state  that  farmyard  manure  is  not  uncommonly  used  in  Assam,  and  they 
recommend  it  and  lime,  as  the  soils  there  are  mostly  acid.  Bhattacharya  and  Dutt 
(1945)  report  on  a  trial  of  nitrogen,  phosphorus  and  potassium,  with  and  without 
lime  in  an  orchard  on  good  soil,  but  previously  unmanured  and  declining.  They 
report  that  4  lbs.  of  ammonium  sulphate  per  tree  increased  the  yield,  while  the 
other  elements  apparently  did  not.  Nevertheless,  these  authors  (1919A)  recom¬ 
mend  the  application  of  nitrogen,  phosphorus  and  potassium,  and  even  suggest  the 
exact  amount  of  each  from  the  first  to  the  14th  year  of  the  tree.  They  do  state 
that  these  amounts  are  only  indicative.  To  correct  the  acidity  of  the  soil  they 
recommend  applying  15  to.  30  mds.  of  lime  per  acre  every  six  or  eight  years.  It 
is  said  that  only  such  manures  as  are  rich  in  nitrogen  have  proved  beneficial  in  the 
Punjab.  L.  Singh  and  others  (1941),  assuming  that  potassium  and  phosphorus 
were  not  limiting  factors  because  the  Punjab  soils  are  richer  in  these  elements  than 
the  average  American  soil,  experimented  with  4,  8,  and  12  pounds  of  ammonium 
sulphate  per  tree  of  Malta  orange.  This  significantly  increased  the  yield,  com¬ 
pared  with  controls,  but  there  was  no  significant  difference  between  the  different 
amounts.  Unfortunately,  because  of  the  -appearance  of  mottle-leaf,  60  pounds  of 
farmyard  manure  was  given  to  each  tree,  including  the  controls,  in  spite  oi  which 
the  yield  of  all  dropped  markedly  in  the  last  two  years  of  the  experiment.  This 
was  thought  to  be  because  of  the  depletion  of  the  organic  matter  in  the  soil,  but 
the  occurrence  of  mottle-leaf  suggests  the  deficiency  of  zinc  or  some  other  element 
or  elements.  If  this  deficiency  had  been  corrected,  the  results  from  the  applica¬ 
tion  of  nitrogen  might  have  been  different.  Shrivastava  (1931)  states  that  farm- 
yard  manure  serves  the  requirements  of  the  trees  in  Madhya  Pradesh  but  also  says 
that  potassium  and  phosphorus  may  be  used  with  advantage.  A.. A.  Khan  (1945) 
writing  of  the  same  state  emphasises  the  need  for  nitrogen,  stating  that  under- 
nourished  trees  have  shorter  productive  lives  and  bear  only  a  few  hundred  fruits 
a  vear  compared  with  1,500  to  2,000  on  trees  in  properly  maintained  orchards. 
He  recommends  using  20  lbs.  of  farmyard  manure  (containing  .5%  nitrogen)  per 
"ee  in  the  first  year, Rising  to  240  lbs.  in  the  12, h  year,  or  half  these  amounts  p  us 

one  fourth  pound  ammonium  sulphate  rising  to  3  lbs.  He  suggests  applymgthe 
,  .  Upfnrp  flowering  and  the  ammonium  sulphate  just  beloie 

ma„ure  about  a  month  be  o  e  flowxr  n  a  praHesh  contai„  sufficient 

and  after  flowering.  He  states  iridi  u  j  ncm'l  while 

potassium  and  calcium,  and  probably  sufficient  phosphorus.  an  (  ’ 
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recommending 


nitrogenous  manures  for  young  trees  in 


Uttar  Pradesh  states  that 

llie  use  of  phosphorus,  and  on  some  soils,  potassium  is  required  as  these  elements 
influence  both  the  quantity  and  the  quality  of  the  fruit.  He  refers  to  no  expert- 
mental  evidence  in  this  country.  The  fact  remains  that  excellent  citrus  fruits  are 
crown  in  India  with  the  addition  of  only  farmyard  manure,  and  until  there  is  evt- 
deuce  that  other  fertilizers  are  required,  it  would  seem  wise  to  spend  no  money  on 
them.  Green  manuring  gives  favourable  results  under  almost  all  conditions. 

})y  applying  1.3  lbs.  of  nitrogen  per  tree  of  sweet  orange  in  the  Punjab, 
Bajwa  and  Kaura  (1952)  were  able  to  increase  the  number  of  fruits  borne,  in  com¬ 
parison  to  the  control  trees  without  added  nitrogen,  21%  when  only  farmyard 
manure  was  used,  51%  when  ammonium  sulphate  was  used,  and  60%  when  half 
of  the  nitrogen  was  added  in  each  form.  The  treatments  proved  profitable  in  almost 
the  same  proportions. 

Although  the  subject  of  minor  element  deficiencies  has  not  been  sufficiently 
studied,  there  is  already  considerable  evidence  as  to  their  existence  in  different 
parts  of  India.  Choudhury  (1936)  found  that  the  condition  known  as  mottle-leaf, 
frenching,  or  foliocellosis  existed  in  the  Punjab  and  that  it  could.be  corrected  by 
the  injection  or  spraying  of  ferrous  sulphate  or  ferrous  phosphate.  He  recom¬ 
mends  spraying  with  a  .0001%  solution  of  the  former.  The  terms  are  more  com¬ 
monly  used  for  the  result  of  zinc  deficiency,  but  as  the  symptoms  are  not  very 
definite,  they  may  he  used  for  iron  deficiency  also.  It  is  reported  (Anon.,  1910  P>) 
that  a  similar  condition  of  the  sweet  orange  in  Madhya  Pradesh  is  corrected  with 
a  zinc  spray.  Bhat  (1945)  states  that  zinc  and  iron  sulphate  improve  the  health 
of  Mosambi  and  Santara  trees  in  several  places  in  Baroda,  and  that  it  has  become 
routine  to  spray  them  twice  a  year.  Ramamurthy  and  Desai  (1916)  describe  a 
deficiency  disease  in  Assam,  with  a  mottling  of  the  leaves,  or  simple  chlorosis 
with  the  final  yellowing  of  the  entire  leaf.  Spectrascopic  examination  showed  that 
both  soil  and  plant  ash  contained  an  excess  of  iron  and  a  deficiency  of  magne¬ 
sium.  They  recommend  an  application  of  magnesium  sufficient  to  suppress  the 
intake  of  iron.  Choudhury  and  Dutt  (1950)  report  symptoms  of  boron  deficiency 
on  the  leaves  but  not  fruit  of  the  pummelo  and  sour  orange  at  Burnihat,  Assam, 
but  not  on  other  species  in  the  same  orchard.  The  disease  was  cured  by  incorporat¬ 
ing  1  lb.  of  borax  in  the  soil  (2  lbs.  caused  a  yellowing  of  the  leaves)  or  by 
spiaying  1  to  2  oz.  of  borax  in  3  gallons  of  water  on  two  trees.  J.  N.  Mukherjee 
(1949)  reports  on  deficiency  diseases  of  the  Pineapple  orange  at  Lvallpur,  of  the. 
lime  and  Satligudi  orange  in  Madras,  and  of  mandarins  in  several  p laces  in  Coor- 
All  showed  symptoms  similar  to  mottle-leaf  in  California.  In  most  cases  the  pH  of 
the  soil  was  above  7,  hut  at  Kutta  in  Coorg,  it  was  only  5-2.  All  of  the  soils  were 
poor  in  nitrogen  and  available  potassium,  and  the  base  exchange  capacity  of  all 
was  very  low.  Most  were  also  low  in  manganese.  The  diseased  leaves  were  low  in 
manganese  and  .me,  and  in  Coorg,  also  in  copper.  In  Coorg  injecting  and  spray" 
5  m*"Sa"ese’  z">c.  a»d  iron  resulted  m  a  greening  of  the  leaves.  Naik  (1949) 

mr:uir7  defid—  r  ~  ~ 

and  in  acid  sandy  soils  other  elements  may  also  be  IE”7  '*'"'**' 
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Cropping 


While  some  citrus  fruits  blossom  more  or  less  throughout  the  year,  most  of 
them  have  one  or  two  distinct  seasons.  The  most  common  period  of  flowering 
in  northern  India  is  in  the  early  spring,  generally  in  February.  Practically  all 
vaiieties  o{  citius  are  in  bloom  at  that  period,  if  there' is  sufficient  moisture  in  the 
soil.  Some,  such  as  the  Santara,  frequently  blossom  also  early  in  the  rainy  season. 
The  tfuit  ripens  six  to  twelve  months  after  flowering,  but  in  some  cases  may  he 
left  on  the  tree  even  after  the  next  year’s  flowers  appear.  This  is  necessary  for 
satisfactory  quality  in  grapefruit  and  the  Valencia  orange  in  California  and  is 
desirable  for  at  least  part  of  the  crop  of  these  fruits  in  India.  If  grapefruit  is 
allowed  to  remain  on  the  trees  until  the  end  of  the  season,  some  of  the  seeds  may 
germinate  and  impart  an  undesirable  flavour  to  the  fruit. 


Granulation  is  likely  to  be  a  problem  in  the  latter  part  of  the  season,  and 
affects  both  sweet  oranges  and  grapefruit  in  northern  India.  While  this  may  be 
a  normal  stage  in  the  ripening  process,  as  Bain  (1949)  claims,  there  are  distinct 
differences  between  trees  of  the  same  variety  in  the  same  orchard.  Bartholomew' 
and  Sinclair  (1947)  made  a  thorough  study  of  the  subject  in  California  without 
being  able  to  explain  the  differences.  They  found  that  certain  rootstocks  tend  to 
increase  the  amount  of  granulation  in  one  locality,  and  to  decrease  it  in  other 
places.  The  tendency  toward  granulation  may  be  associated  with  the  root,  for 
top-working  trees  failed  to  change  the  tendency  to  produce  much  or  little,  and 
budlings  did  not  consistently  follow  the  pattern  of  the  parent  trees.  Granulation 
is  more  prevalent  in  fruit  from  the  inside  or  north  side  of  the  tree,  but  shading 
did  not  increase  it.  Conditions  favouring  vigorous  growth  and  large  fruit  favour 
granulation.  Decreasing  the  amount  and  frequency  of  irrigation  generally  reduced 
granulation  without  affecting  the  quantity  or  quality  of  the  fruit  otherwise.  The 
granulated  juice  sacs  contain  more  water  and  inorganic  matter,  less  acid,  less 
sugar,  and  less  carotin.  In  the  intermediate  stage  they  contain  twice  the  normal 
amount  of  pectin.  The  only  feasible  method  of  avoiding  damage  was  found  to  be 
to  pick  the  large  fruit  early  before  granulation  set  in. 


In  South  India  the  flowering  seasons  are  longer  and  less  distance.  Naik 
(1949)  says  that  the  main  crop  of  Sathgudi  oranges  ripens  from  November  to 
March  from  blossoms  which  opened  from  December  to  April,  but  there  is  a  con¬ 
siderable  off-season  crop  ripe  from  June  to  November  from  flowers  opening  from 
September  until  the  beginning  of  December,  and  occasionally  a  third  crop  which 
ripens  from  March  to  June  from  flowers  appearing  from  June  to  September.  Ihis 
crop  is  of  poor  quality,  but  sells  well  because  of  the  small  number  of  I ruits  on 

the  market.  There  may  thus  be  flowers  on  the  trees  in  every  month  but  May.  and 

ripe  fruit  throughout  the  year.  The  mandarins  also  generally  produce  two  crops 
in  each  district,  and  are  on  the  market  throughout  the  year,  except  in  May  and 
June.  Limes  are  harvested  throughout  the  year,  .with  the  main  crop  varying  in 
different  sections.  S.  N.  Singh  and  Tomar  (1949)  report  a  heavy  flowering  ol 

limes  at  Kanpur  in  the  early  spring,  and  a  lighter  flowering  in  June  and  July. 


I 


THE  CITRUS  FRUITS 


207 


In  .ho  northern  par.  of  the  country,  where  there  is  a  distinct  winter.  no 

pecial  measures  are  ordinarily  necessary  in  order  to  mduce  flowenng  ,n  alter 
I  .  T  ...  I„  i\/T rt el k a  and  Bombay.  the  means  used  to  determine 


Pradesh  and  Bombay,  the  means 

the  time  of  flowering  form  an  important  part  of  the  orchard  management. 


February  or  July*  In  Madhya 


If  the 
of 


the  time  ot  llowenng  iorm  an  t"**-  i  f 

sprite  (lowering,  known  as  the  ambe  bahar  because  it  occurs  at  about  the  time  ot 

the  n°ango  blossoming,  is  desired,  water  should  be  withheld  about  two  months  be¬ 
fore  the  normal  flowering  season.  After  about  a  month  it  is  customary  to  remove 
four  or  five  inches  of  soil,  exposing  many  of  the  roots  and  removing  the  small 
ones.  After  a  few  days  the  soil  is  returned,  mixed  with  manure,  and  a  light  irriga¬ 
tion  is  given.  Three  or  four  days  later  and  at  normal  intervals  thereafter,  heavier 
irrigations  are  given.  The  tree  sends  out  new  shoots  and  on  these  the  flowers 
appear.  If  the  July  flowering,  or  mrig  bahar,  is  desired,  the  treatment  is  delayed 
until  shortly  before  the  rainy  season.  This  treatment  is  said  to  be  necessary  for  the 
Santara,  and  in  a  less  severe  form  for  most  other  citrus  fruits  except  the  lime. 

In  an  experiment  in  the  Punjab,  L.  Singh  (1934)  practised  root  pruning, 
followed  by  manuring  and  irrigation,  for  three  years.  The  earth  was  removed  in 
a  circle  three  feet  wide,  starting  one  foot  from  the  trunk,  to  a  depth  of  9,  12  or  15 
inches.  The  treatment  increased  the  yield  during  this  brief  period,  the  largest 
crops  being  secured  by  an  annual  exposure  of  the  roots  to  a  depth  of  nine  inches. 
The  vigour  of  the  trees  was  decreased  in  proportion  to  the  severity  of  the  treatment, 
and  in  consideration  of  this  Singh  recommended  that  the  practice  be  used  only 
in  cases  of  excessive  vegetative  growth  and  shy  bearing,  and  then  only  in  alternate 
years. 

In  other  places  also,  root  pruning  has  been  found  harmful  to  the  trees.  Ali 
(1941)  says  that  annual  root  pruning  of  the  Nagari  orange  was  widely  adopted  in 
Madras,  as  it  increased  the  crop  at  first.  Later  the  yield  was  reduced  to  practically 
nothing,  disease  increased,  and  many  of  the  farmers  were  ruined.  Rao  (1941)  also 
reports  damage  from  the  practice,  and  urges  that  efforts  be  made  to  find  ’  some 
other  method  of  regulating  bearing,  and  that  in  any  case  root  pruning  be  not  done 
oftener  than  once  in  two  or  three  years.  Naik  (1949)  points  out  tha°t  the  method 
was  not  ordinarily  practiced  in  South  India  to  control  the  time  of  flowering,  but 
only  to  increase  fruitfulness.  He  considers  it  undesirable,  except  in  the  case  of 
extremely  vigorous  and  unfruitful  trees.  In  such  cases  the  soil  may  be  removed 
to  a  depth  of  about  9  inches  begining  3  feet  from  the  trunk,  in  December  or  Janu¬ 
ary.  The  biggest  roots  should  not  be  disturbed,  and  where  there  are  heavy  winds 
proppmg  may  be  necessary.  The  soil  should  be  returned  within  a  week,  followed 
by  immediate  trr.gat.on  He  says  that  if  this  treatment  does  not  produce  blossoms 
within  a  month,  it  is  idle  to  repeat  it  in  subsequent  years. 

Rmg,ns  °r  n* idling  is  not  commonly  practised  in  India,  and  is  probable 
not  desirable  unless  ,t  should  prove  a  satisfactory  substitute  for  root  pruning  As 
as  een  stated  in  a  previous  chapter,  experience  in  other  countries  shows  that  the 
yteld  of  oranges  can  be  temporarily  increased  in  this  way  but  that  the  h 

not  permanent,  and  the  process,  if  repeated,  tends  to  dwarf  ’the  tree'  I  V^T  ') 
others  (1940,  in  order  to  avoid  the  adverse  effects  of  root' pi i^on  )£+£■ 
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vears  o  d  "1  “  hly  lncreased  lha  yi'-l'l  of  shy-bearing  trees  about  10 

L  d'  .T.h  y  fOUnd  '  necessary  10  treat  the  wounds  in  order  to  get  proper 
ealtng.  and  drew  no  conclusions  about  the  effect  of  the  process  on  the  vigour  of 

v  h-  I  To  S'  "k8  ’  reP°r,S  'hat  in  'he  case  of  ^-year-old  Sangtara  trees 

haH  ^ ,  ’”"'e  ,an  7n°n"t  "Of-  roo'  Pruning  failed,  and  ringing  increas¬ 
ed  the  crop  markedly,  hut  the  highest  yield  secured  was  only  180  frtdts 

Ordinarily  a  considerable  proportion  of  the  dowers  fail  to  set  fruit  and 
sometimes  a  very  heavy  bloom  results  in  a  crop  failure.  This  may  be  because  the 
nitrogen  supply  is  exhausted  by  the  flowering.  Haas  (1948  C)  states  that  there  is 
also  an  excessive  loss  of  potassium,  the  flowers  in  one  collection  containing  1.168 
to  1.806%.  Haas  I  1918  D)  also  points  out  that  the  first  flowers  to  open  contain 
the  most  nitrogen  and  phosphorus,  hut  that  they  are  in  competition  with  the  devel¬ 
oping  leaves  on  the  same  shoot.  He  found  the  percentage  of  flowers  developing 
into  mature  fruits  on  successive  days  to  be  0,  6,7,  8.6,  9.6,  16.3,  and  28.8  in  Navels; 
0,  5,  10,  15,  22.5,  and  50  in  unsprayed  Valencias;  and  0,  6.3,  12-5,  23.4,  26.6,  and 
53.1  in  Valencias  which  had  been  sprayed  with  2,  4-D.  Some  varieties  such 'as  the 
\\  ashington  Navel  produce  no  pollen  and  have  almost  no  seeds,  and  others  have 
little  viable  pollen  and  contain  few  seeds.  Pomeroy  and  Aldrich  (1943)  were 
able  to  increase  the  set  of  Navel  oranges  and  Marsh  grapefruit  by  hand  polli¬ 
nation  with  pollen  from  seedy  varieties  of  grapefruit,  although  the  application  of 
naphthaleneacetic  acid  failed.  Lack  of  the  stimulatory  effect  of  pollination  may 
be  one  reason  why  these  seedless  varieties  sometimes  fail  to  set  good  crops. 

On  the  other  hand,  Sokolskaya  (1940)  claims  that  the  removal  of  the  style 
of  some  species  of  citrus  fruits  resulted  in  a  larger  set  of  fruit  which  was  seedless, 
larger,  sweeter,  less  acid,  more  tender,  richer  in  vitamin  C,  and  earlier  than  that 
produced  by  natural  pollination  or  four  other  treatments. 


Sometimes  thinning  is  recommended  to  secure  large  fruits.  Parker  (1934) 
reports  experiments  with  oranges  in  California,  indicating  no  economic  advantage 
from  thinning.  He  found  that  in  the  year  of  thinning  the  fruits  were  larger,  hut 
the  total  volume  was  less  than  on  corresponding  unthinned  trees;  while  in  the 
next  year  the  yield  was  heavier,  but  the  fruit  smaller.  There  is  no  reason  to  think 
that  thinning  of  citrus  fruits  would  be  desirable  in  India,  except  to  avoid  the 
breaking  of  limbs' in  the  case  of  very  heavy  setting. 


Pruning 

There  is  a  good  deal  of  difference  of  opinion  regarding  the  pruning  of  citrus 
trees.  It  is  generally  agreed,  however,  that  less  pruning  is  needed  than  in  the  case 
of  most  fruits.  The  lemon  is  a  possible  exception  to  this  rule,  but  the  very  severe 
pruning  formerly  given  the  lemon  has  largely  disappeaied. 

The  young  tree  should  be  so  pruned  as  to  form  a  strong  framework,  with  the 
lowest  branch  about  one  and  a  half  or  two  feet  from  the  ground.  If  the  young  tree  is 
gone  over  frequently,  unwanted  branches  can  be  rubbed  off  or  cut  oil  with  a  knife, 
and  those  which  tend  to  become  too  long  may  be  pinched  hack.  With  some  species 
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especially,  there  is  a  tendency  for  several  branches  to  arise  from  the  same  point 
and  this  should  be  discouraged.  It  may  be  desirable  to  leave  some  branches  low 
on  the  trunk  for  a  year  or  two  to  shade  it  from  the  sun  until  the  permanent  branches 
have  spread  enough  to  accomplish  this. 

Some  growers  do  no  pruning  after  the  tree  is  two  or  three  years  old,  and 
the  results  are  frequently  remarkably  satisfactory.  Most  varieties  of  the  sweet 
orange  and  the  grapefruit  naturally  produce  desirable  heads-  Small  branches  in¬ 
side  the  tree  ordinarily  die  in  a  few  years,  and  it  is  generally  considered  wise  to 
remove  this  dead  wood,  though  comparatively  little  damage  seems  to  be  done  if  it 
is  allowed  to  remain  until  it  falls  naturally.  When  the  tree  begins  to  bear,  the 
branches  tend  to  bend  toward  the  ground,  and  upright  shoots  arise  from  these.  It 
may  be  desirable*  that  the  branches  and  fruit  do  not  touch  the  ground,  and  this  can 
be  prevented  by  cutting  the  low  branches  back  to  these  uprights.  This  is  called 
‘under-cutting’,  and  may  well  be  repeated  after  each  harvest. 


In  many  species  there  is  a  strong  tendency  for  suckers  and  water-sprouts  to 
grow.  If  they  are  allowed  to  remain,  they  grow  out  to  the  surface,  branch  and 
eventually  bear  fruit.  The  fruit  is  likely  to  be  coarse  for  a  few  years,  but  later  is 
indistinguishable  from  that  on  other  branches.  It  is  generally  desirable  to  remove 
the  water-sprouts  as  soon  as  they  appear,  but  they  may  sometimes  be  usefully  kept, 
especially  when  they  can  be  trained  to  fill  an  empty  place  in  the  tree.  If  one  is 
kept,  it  may  be  necessary  to  head  it  back  once  or  twice  to  prevent  such  long  slender 
growth  that  the  f ranch  would  bend  badly  or  break  with  its  first  load  of  fruit.  It 
is,  of  course,  very  important  that  all  suckers  arising  from  the  rootstock  be  removed. 


Some  authorities  advocate  further  pruning,  particularly  the  thinning  of  the 
top  to  allow  more  light  to  enter.  Prest  (1935,  1947)  recommends  a  light  thinning 
for  sweet  oranges  and  a  somewhat  heavier  pruning  of  mandarins  and  lemons,  in 
Queensland.  The  Sundays  River  Research  Station  (1944)  reports  that  in  that’  sec¬ 
tion  of  South  Africa,  a  light  annual  or  heavy  biennial  pruning  of  grapefruit  in- 
creased  the  size  and  yield  of  fruit,  and  improved  the  health  and  the  vigour  of  the 

thTsSpraeti«nSenSUS  ^  0Pmi°n  “  m°S‘  c!lrus'growing  countries,  however,  is  against 


The  lemon  requires  somewhat  different  treatment  from  the  other  citrus 

^'tltdlv10  T  rT  T  7blinS  branChCS  WhiA  end,  and lus 

rathe  i  u  produce  Str°ng  trees  “  seems  necessary  to  prune  them 

rather  severely  when  young,  and  to  shorten  or  remove  very  Ion-  branches  eve  • 

Insect  Pests 

T“  ™" «d— •  f  - 1. 


210 


FRUIT  GROWING  IN  INDIA 


rnetoynn°f  lnSCCtS  attSCk  the  leaVeS’  branches>  flowers  and  fruits.  Clausen  (1933) 
lists  200  species  which  attack  citrus  trees  in  tropical  Asia  including  96  found  in 

India.  Fortunately,  many  of  these  are  of  little  importance-  The  largest  group  is 
that  of  the  scale  insects  which  are  probably  the  most  serious  pests  from  a  world 
point  of  view.  They  are  of  less  importance  in  tropical  Asia,  probably  because  they 
are  kept  in  check  by  natural  enemies.  Quayle  (1938)  gives  detailed  descriptions 
of  many  of  the  pests,  with  their  predators,  parasites,  and  diseases,  and  suggests 
methods  of  control.  Boyce  (1948)  also  describes  many  pests  and  gives  the  rec¬ 
ommended  insecticidal  treatment,  while  Smith  (1948)  deals  with  insect  para¬ 
sites  and  predators,  and  Fawcett  (1948)  with  parasitic  fungi  and  bacteria.  Pruthi 
and  Mani  (1945)  deal  with  more  than  160  pests  of  citrus  trees  in  India,  including 
49  species  of  Coccidae,  39  of  Lepidoptera,  12  of  Aleurodidae,  and  12  of  Coleptera. 

Fortunately,  India  does  not  suffer  as  much  from  these  insects  as  some  other 
countries.  There  are,  however,  a  number  of  pests  which  do  cause  damage,  and 
which  must  be  guarded  against.  Among  those  which  cause  the  most  obvious 
damage  are  those  which  eat  the  foliage,  sometimes  denuding  young  trees  in  the 
nursery  or  even  in  the  orchard.  Mature  trees  are  seldom  seriously  injured  by  them. 

* 

The  most  important  of  these  is  the  caterpillar  of  the  lemon  butterfly,  Papilio 
demoleus,  and  other  species  of  Papilio.  P.  polytes  occurs  all  over  India  while  P. 
polymnestor  occurs  in  South  India  an d  P.  helenus  is  said  to  be  very  destructive  in 
the  hills  of  South  India  and  to  be  a  minor  pest  in  Shillong.  The  term  orange  dog 
is  applied  to  the  larva  of  two  species  in  some  countries.  They  are  serious  pests  in 
the  nursery,  and  on  young  trees  in  the  orchard.  Sontakay  (1943),  moreover, 
reports  serious  outbreaks  in  Madhya,  Pradesh  in  July  of  1940  and  again  a  year 
later,  in  which  some  orchards  were  completely  defoliated.  As  many  as  1,000  cater¬ 
pillars  were  collected  from  one  tree  of  medium  size. 

The  lemon  butterfly  is  easily  recognised,  being  about  three  inches  across  and 
bluish  green,  with  yellow  markings  and  two  eye-like  spots  on  the  hind  wings. 
The  female  lays  her  eggs,  which  are  about  the  size  of  the  head  of  a  pin  and  pale 
yellow  in  colour,  on  the  young  foliage.  According  to  Paranjpye  (1937),  there  are 
broods  in  April,  June,  November,  and  sometimes  December  in  Bombay,  but  these 
broods  seem  to  be  so  spread  out  that  some  caterpillars  may  be  found  almost 
throughout  the  year.  The  eggs  hatch  in  from  three  days  to  a!  week,  depending  on 
the  temperature,  and  the  tiny  caterpillar  eats  voraciously  and  is  full  gr&wn  in  two 
to  four  weeks.  Its  protective  colouration  is  interesting.  At  first  it  is  dark  with  an 
irregular  white  streak,  so  that  it  resembles  a  bird  dropping.  Later  it  turns  a 
dark  green,  blending  with  the  foliage.  It  also  protects  itself  when  disturbed  by 
thrusting  out  a  forked  flesh-coloured  structure  at  the  back  of  its  head,  and  emitting 
an  unpleasant,  sweetish  odour.  It  pupates  on  the  tree,  suspending  itself  by  silky 
threads.  Pupation  lasts  a  week  in  summer  and  as  much  as  twelve  weeks  in  winter. 

Hand  picking  of  the  caterpillars,  and  of  the  eggs  when  noticed,  is  ord’  y 
sufficient  to  control  this  pest.  If  further  measures  are  necessary,  the  butter  les 
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may  be  caught  in  hand  nets,  or  the  plants  may  be  sprayed)  with  lead  arsenate  or 
some  other  poison  insecticide.  One  ounce  of  lead  arsenate  to  four  gallons  of 
water,  with  a  little  fish  oil  rosin  soap  or  gar  as  a  sticker  was  found  effective  by 
Sontakay  (1943).  He  also  found  it  possible  to  collect  the  caterpillars  which  had 
turned  green  by  shaking  the  branches  of  the  larger  trees.  As  the  young  caterpil¬ 
lars  did  not  fall  off,  the  process  had  to  be  repeated  several  times  at  intervals  of 

a  few  days. 

Other  leaf-eating  caterpillars  are  of  minor  importance.  The  orange  leaf 
caterpillar,  Psorosticha  ( Tonica )  zizyphi,  is  a  small,  active  larva  which  folds  the 
young  leaves  over  its  slender  light  green  body  with  a  dark  brown  head.  In  spite  of 
its  name,  it  probably  does  not  attack  plants  in  the  genus  Zizyphus ,  but  at  Allaha¬ 
bad  it  is  a  common  pest  of  young  guavas.  The  orange  hairstreak,  Taraucus  tlieo- 
phrastus,  is  bright  green,  short  and  squat,  and  very  slow-moving.  Both  of  these 
caterpillars  attack  very  young  shoots,  and  may  cause  their  death.  They  are  serious 
only  in  the  nursery  and  on  very  young  orchard  trees.  They  occur  widely  in  India, 
and  it  is  reported  that  the  leaf  caterpillar  is  a  sufficiently  important  pest  in  the 
southern  part  of  the  country  to  justify  spraying  the  young  plants  with  lead  arsen¬ 
ate  or  lead  chromate.  Pruthi  and  Mani  (1945)  state  that  Euproctis  fraterna  is 
common  throughout  India  and  is  a  sporadic)  major  pest  in  several  parts,  sometimes 
completely  defoliating  plants-  It  can  be  controlled  by  dusting  ashes  on  the  plant 
or  brushing  the  caterpillars  off  with  brooms.  They  also  mention  Heliothrips 
haemorroidalis  which  is  commonly  found  feeding  on  the  leaves  of  plants,  including 
citrus,  and  sometimes  feeds  on  the  surface  of  fruits.  Several  other  species  of 
thrips  are  said  to  be  quite  common  on  citrus,  but  the  extent  of  the  damage  caused 
is  not  known.  , 


The  orange  leaf  miner,  Phyllocnistis  citrella,  occurs  widely  in  India  and, 
according  to  Clausen  (1931),  in  the  other  .countries  of  southern  Asia,  as  far  as 
Japan.  The  miner  is  the  larva  of  a  tiny  moth,  which  lays  almost  invisible  eggs  on 
the  leaves  and  shoots.  On  hatching  the  larva  bores  under  the  epidermis,  and  makes 
a  seipentine  tunnel  feeding  on  the  sap.  It  never  leaves  this  tunnel  until 
after  pupation.  There  are  nine  overlapping  generations  a  year  in  Uttar  Pradesh, 
where  the  maximum  activity  is  in  July  and  August,  and  the  minimum  in  May  and 
June,  according  to  Lai  (1949).  In  the  Punjab,  where  the  life  cycle  lasts  from 
about  12  to  65  days,  Rahman  and  Yunus  (1945)  found  peaks  of  population  in 
March  to  May  and  September  to  November.  Sontakay  and  Gupta  (1945)  found 
that  in  Madhya  Pradesh  from  34  to  46%  of  the  leaves  of  young  trees  were  at¬ 
tacked  from  the  end  of  July  through  October,  with  the  incidence  falling  to  2%  in 
January  and  1.2%  in  March.  In  May  and  June  none  were  found.  The  direct 
amage  one  is  not  very  great,  even  when  the  miners  are  present  in  great  numbers, 
as  requently  happens.  If  the  canker  disease  is-  present,  however,  it  finds  a  ready 
entrance  into  the  leaves  through  the  tunnels,  and  may  cause  very  severe  damage 

fidd°es  “/nd ^h  °r°VS  V"y  diffiCUU'  “  tHe  is  W 

and  d  u  P'ckln8  IS  lmPracticabla-  The  removal  of  the  infested  leaves 
nd  sp.aying  w.th  mcotine  sulphate  have  been  recommended.  Lai  (1949)  found 
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the  removal  and  burning  of  leaves  expensive  and  not  very  effective,  while  spray¬ 
ing  with  1  part  of  nicotine  sulphate,  40%;  24  parts  of  soap;  and  300  part,  of 

r.otCj  ^,"®d  f  the  miners  within  15  days.  Spraying  with-  DDT  at  -5  and  1% 

killed  66.6  and  70%  respectively.  The  most  effective  method,  however,  was  inject- 

ing  .4  g.  of  potassium  cyanide  into  the  stem.  In  trees  1£  to  4  ft.  tall  this  killed 

82.9%  of  the  harva;  and  pupae  within  10  days,  was  effective  for  abou’t  4  months, 
and  had  no  harmful  effect  on  the  trees. 


The  citron  is  the  species  most  susceptible  to  miner  attack,  and  the  sour  lime 
the  least,  according  to  Latif  and  Yunus  (1951)  who  recommend  that  the  citron 
be  excluded  from  gardens  and  hedges.  However,  the  miners  feed  on  all  types  of 
citrus  plants,  and  on  the  bael,  Aegle  marmelos. 

The  caterpillars  of  the  citrus  flower  moth,  Prays  citri,  feed  on  the  flowers 
and  cause  much  damage.  They  have  been  reported  from  several  places  in  India, 
and  are  probably  wide-spread.  When  necessary,  they  may  be  controlled  by  spray¬ 
ing  or  dusting  the  trees  with  barium  fluosilicate,  according  to  Pruthi  and  Mani 
(1945). 

Although  the  sucking  insects  are  not  as  serious  in  India  as  in  many  coun¬ 
tries,  there  are  a  number  which  attack  citrus.  Several  types  of  scale  have  been 
reported.  Pruthi  and  Mani  (1945)  mention  about  two  dozen  species,  most  of  which 
are  minor  or  sporadic  pests  of  citrus  trees.  The  California  red  scale,  Aonidiella 
aurantii,  and  the  Florida  red  scale,  Chrysomphalis  ficus  ( aonidum ) ,  occur  widely 
in  India  and  are  sometimes  very  serious  pests*  Rahman  and  Ansari  (1941)  #mention 
several  species  causing  damage  in  the  Punjab.  The  cottony  cushion  or  fluted 
scale,  Icerya  purchasi,  seems  to  be  increasingly  serious  in  South  India,  and  is  the 
only  scale  insect  mentioned  by  Naik  (1949).  The  soft  (soft  brown)  scale,  Coccus 
( Lecanium )  hesperidum,  has  attacked  citrus  at  Allahabad,  but  is  kept  under  con¬ 
trol  by  its  enemies  unless  protected  by  ants*  Oil  emulsions  have  been  used  with 
considerable  success  against  different  scale  insects,  in  India  and  elsewhere,  but 
fumigation  with  hydrocyanic  acid  or  powdered  calcium  cyanide  is  very  commonly 
and  effectively  used  in  other  countries,  and  has  been  tried  with  success  in  India. 
It  is  comparatively  expensive,  and  is  not  recommended  to  the  farmers.  Biological 
control  is  especially  important,  and  in  India  is  generally  sufficient.  Closely  related 
to  the  scale  insects  are  the  mealy  bugs,  one  of  which,  the  citrus  or  common  mealy 
bug,  Pseudoc.occus  citri,  is  a  serious  pest  in  many  parts  of  the  world.  It  occurs 
practically  throughout  India,  often  as  an  important  pest.  Spraying  with  tobacco 
decoction  and  dusting  with  lime-sulphur  are  mentioned  by  Pruthi  and  Mam  as 
control  measures,  while  Mitra  and  Khongwir  (1928)  recommended  spraying  with 
kerosene  oil  emulsion.  This  and  other  species  were  formerly  serious  pests  in 
California,  but  have  been  very  satisfactorily  controlled  biologically.  Two  ot  er 
species  are  listed  by  Pruthi  and  Mani  (1945),  P.  corymbatus,  said  to  be  widespread 
in  India  and  an  important  pest  of  citrus  trees  in  Godavari  district;  an 
cinus,  said  to  be  occasionally  serious  in  South  India. 
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A  number  of  species  of  white  flies  attack  citrus  plants.  The  name  mealy 
wing  is  also  applied,  both  names  being  descriptive  of  the  adult,  although  in  one 

species  both  the  larva  and  the  adult  are  smoky.  The  larvae  are  attached  to  the 

leaves  from  which  they  suck  the  sap,  sometimes  causing  considerable  damage. 
There  seems  to  be  some  confusion  in  the  identification  of  the  species.  Khan  (1942) 
lists  the  following  species  in  the  order  of  their  importance  in  the  Punjab:  the 
citrus  white  fly,  Dialeurodes  citri;  D.  elongata;  Aleurolobus  citrifoli;  the  black 
spiny  fly,  Aleurocanthus  husaini;  and  the  black  fly,  A.  woglumi.  The  orange  spiny 
white  fly,  A.  spiriiferus  also  occasionally  causes  trouble.  Pruthi  and  Mani  (1945) 
agree  that  the  first  species  is  a  major  pest,  but  do  not  mention  the  second  or  third. 
They  say  that  A.  husaini  is  probably  a  minor  pest,  whereas  A.  spiniferus  is  very 
common  in  some  parts,  including  Assam  and  the  Punjab,  and  causes  serious  damage. 
They  say  that  *A.  woglumi  is  common  in  several  parts  of  the  country  and  add 

that  Aleurolobus  marlatti,  which  is  also  common,  is  reported  as  a  serious  pest 

in  the  Punjab-  They  mention  three  other  species.  An  American  entomologist,  H. 
D.  Smith,  looking  for  parasites  of  A.  woglumi  found  only  A.  husaini  (parasitized 
by  Eretmocerus  serius  and  Prospaltella  sp-)  on  leaves  from  Allahabad  and  said 
that  this  was  the  principal  species  in  northern  India,  and  often  the  only  one  present. 


Control  of  the  white  flies  is  difficult.  Khan  (1942)  recommends  spraying 
with  rosin  soap  in  the  winter  and  rosin  compound  in  September.  Tobacco  decoction 
has  also  been  used.  Pruthi  and  Mani  (1945)  refer  to  such  materials  and  a  kerosene 
oil  emulsion,  but  emphasize  biological  control,  including  the  spraying  of  the  trees 
with  suspensions  of  entomophagus  fungi  as  well  as  encouraging  parasites  and  pred¬ 
ators.  W  oglum  and  others  (1949)  report  that  parathion  was  effective,  but  too* 
dangerous  to  be  recommended  and  that  DDT  in  kerosene  was  effective  but  harmed 
the  trees.  Cub£  root  in  a  light-medium  emulsive  oil  was  effective  only  in  one  case 
where  60  gallons  per  tree  were  used. 


Several  species  of  aphids  are  sometimes  found  on  the  young  citrus  leaves, 
but  are  ordinarily  kept  in  check  by  lady-bird  beetles  or  other  natural  agencies. 
The  black  citrus  aphid,  Toxoptera  aurantii  is  one  of  the  more  common.  Paranjpye 
(1937)  states  that  in  Bombay  considerable  damage  is  caused,  and  advises  spray* 
mg  with  a  fish  oil  rosin  soap  solution.  Pruthi  and  Mani  (1945)  state  that  another 
black  citrus  aphid,  Dorsalis  (Aphis)  tavaresi,  is  widely  distributed  in  India  and  a 
sporadic  major  pest.  Nicotine  sprays  and  dusts  have  been  the  standard  fungicides,  but 
Boyce  (1948)  reports  good  results  with  rotonone,  while  some  of  the  newer  ma- 
tenals  such  as  TEPP  and  hexethyl  tetraphosphate,  are  promising. 

The  citrus  psyl la,  Diaphorina  citri,  is  widely  distributed,  but  seems  to  be 
serious  only  m  the  Punjab.  Pruthi  and  Mani  (1945)  report  that  there  and  in  the 
North-West  Frontier  Province  of  Pakistan  it  is  the  most  destructive  of  all  citrus  pests 
and  may  ruin  the  industry.  The  damage  is  done  by  the  nymphs  which  move  abort 
ctively,  sucking  the  sap  from  the  tender  parts  of  the  buds,  leaves,  and  branches  and 
injecting  into  them  a  toxic  substance.  The  leaves  are  badly  curled  and  fall  pre- 
maturely,  resulting  in  some  cases  of  complete  defoliation.  Any  fruits  which  mature 
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are  small  and  of  poor  quality.  The  branches  and  sometimes  the  entire  tree  may  die. 
The  nymphs  secrete  honey  dew  in  such  enormous  amounts  that  the  tree  may  appear 
white,  and  on  this  a  black  sooty  mould  g^ows.  The  life  cycle  la.sts  from  15  to  47 
days,  and  the  adult  may  live  190  days.  There  nre  8  or  9  generations  a  year. 

Tandon  (1941)  reports  satisfactory  control  by  spraying  with  rosin  compound 

in  January  or  February  and  again  in  July  or  August,  at  a  cost  of  only  one  anna  a 
tree.  As  the  preparation  of  the  rosin  compound  is  laborious  and  needs  some 
skill,  Rahman  (1941)  reports  trials  of  dusts,  nicotine  sulphate  in 

sulphur  proving  most  effective,  but  costing  about  eight  times  as  much. 

Pruthi  and  Mani  (1945)  also  suggest  a  crude  oil  emulsion  as  fairly  effective,  but 
stress  the  importance  of  cultural  methods  to  increase  the  vigour  of  the  trees. 
Several  predators  *and  parasites  are  found,  but  they  seem  unable  to  keep  the  num¬ 
bers  of  psylla  down  in  the  Punjab.  • 


A  green  bug,  or  citrus  stinkbug,  Rhinchocoris  humeralis,  is  reported  as  a  seri¬ 
ous  pest  all  over  Assam  and  also  occurs  in  Kumaun  and  the  eastern  Himalayas.  The 
nymphs  and  adults  puncture  the  fruits,  mainly  mandarin  and  orange,  and  prefer¬ 
ably  partly  ripe,  and  suck  the  juice.  Brushing  the  bugs  off  into  pans  of  water  with 
a  layer  of  kerosene  on  top  has  been  suggested,  but  no  very  satisfactory  method  of 
control  is  known.  The  pumpkin  bug,  Nezara  viridula,  is  common  throughout  India 
and  is  a  sporadic  major  pest  when  other  hosts  are  grown  near  citrus  trees.  It  also 
may  be  brushed  off  into  oil,  or  nursery  trees  may  be  sprayed  with  nicotine  sulphate. 
Other  bugs  which  are  minor  pests  are  Cappoea  taprebanica,  widely  distributed ;  and 
Le ptoglossus  membranaceuSy  in  South  India  and  Assam. 


Borers  are  serious  pests  in  some  parts  of  the  country,  especially  in  old  or 
neglected  orchards.  Two  closely  related  caterpillars,  Indarbela  tetraonis  and  /. 
quadrinotata,  bore  into  the  wood  of  citrus  and  many  other  trees,  and  damage  them 
mainly  by  eating  the  bark.  They  are  widely  distributed  throughout  the  country, 
often  occurring  side  by  side.  Sontakay  (1945  A,  B)  describes  the  life  history  of 
/  quadrinotata  in  Madhya  Pradesh,  where  it  is  said  to  be  one  of  the  most  tmpor- 
taut  pests  of  citrus  trees.  The  eggs  are  laid  in  May  and  June,  glued  to  the  bark 
and  hatch  in  from  8  to  11  days.  The  caterpillars  live  under  the  bark  until  Sep¬ 
tember,  when  they  tunnel  into  the  wood.  They  pupate  in  the  spring.  Limbs  may 
be  ringed,  the  vitality  of  the  tree  is  lowered,  and  in  some  cases  of  severe  infestation, 
death  may  result.  Asthana  and  Nayak  (1947)  report  a  survey  in  Madhya  Pradesh, 
in  which  9.45%  of  the  14,362  trees  examined  in  10  districts  were  found  to  be  in¬ 
fested.  The  highest  incidence  was  found  on  trees  growing  on  black  soil  in  an  area 
of  very  heavy  rainfall,  42.33%.  Of  6,746  mandarin  trees,  17.24%  were  infested 
by  both  this  borer  and  another,  Stromatium  barbatum.  The  latter  occurs  a 
over  India,  mainly  in  dry  wood,  but  sometimes  boring  into  hying  branches.  Tie 
most  common  control  measures  for  the  Indarbela  caterpillars  consist  of  inserting 
a  small  amount  of  petrol,  carbon  bisulphide,  chlqrasol,  or  two  parts  of  chlo‘ofor™ 
to  one  of  creosote  into  the  hole  and  plugging  it  with  clay.  Shah  (1946)  foun 
methods  expensive,  and  advocated  the  introduction  of  hot  water  into  the  hole  by 
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means  of  a  cheap  syringe,  bu.  the  inconvenience  of  this  method  is  obv^Another 
method,  said  to  be  very  successful,  is  paint.ng  the  gallenes  and  surrounding 

with  Paris  green. 

One  of  the  most  serious  pests  of  citrus  trees  in  Assam  is  the  trunk  borer, 
Monohammus  versteegi,  which  is  also  one  of  the  borers  causing  muc  amage  m 
Sikkim  (Hayes  1945).  Bhattacharya  and  Dutt  (1949  A)  state  that  the  grub  of  the 
beetle  bores  into  the  trunk,  generally  near  ground  level,  from  May  to  August,  an 
that  if  it  is  not  killed,  the  tree  is  likely  to  die  the  following  winter  They  recom¬ 
mend  the  introduction  of  carbon  bisulphide  or  other  fumigant  and  the  plugging  of 
the  hole.  The  application  of  DDT  paste  or  boiled  coaltar  to  the  trunk  before  the 
attack  commences  is  said  to  reduce  the  incidence  considerably,  while  clean  cultiva- 
tion,  whitewashing  the  trunk, 'or  banding  it  with  cotton  have  also  been  recommend¬ 
ed. 


The  lime-tree  borer,  Ghelidonium  cinctum ,  is  common  in  South  India,  parti¬ 
cularly  in  Mysore,  and  attacks  other  citrus  trees  as  well  as  the  lime-  Kannan 
(1928)  reports  it  as  serious  in  Madras,  but  Cherian  (1942)  considers  it  only  a 
minor  pest.  The  young  grubs  bore  into  the  twigs,  which  die  and  fall,  and  then 
into  the  main  stem.  Kannan  says  that  a  single  borer  can  kill  a  young  tree,  and 
that  the  damage  in  Coorg  was  probably  at  least  four  lakhs  of  rupees  annually.  Con¬ 
trol  is  achieved  by  breaking  off  the  twigs  as  they  dry,  and  burning  them.  Another 
sporadic  pest,  especially  in  Coorg  and  Assam,  Chloridolum  alcmene,  can  be  con¬ 
trolled  in  the  same  way. 


Moths  which  fly  at  night  and  suck  the  juice  from  the  fruits  occur  all  over 
India,  and  in  other  citrus  districts  of  Asia,  and  in  some  cases  cause  very  serious 
loss.  Sweet  oranges,  mandarins,  and  sweet  limes  are  commonly  attacked.  The 
moths  pierce  the  rinds  of  the  ripening  fruits,  thus  making  possible  the  entrance  of 
decay  organisms.  Ordinarily  the  fruit  falls  within  a  few  days,  and  is  worthless- 
Pruthi  and  Mani  (1945)  mention  moths  belonging  to  eight  genera,  one  of  which, 
Ophideres,  is  credited  with  12  species  attacking  citrus  fruits  in  India.  One  of 
these  species  should  probably  be  placed  in  the  genus  Othreis,  and  some  of  the 
others  sometimes  are  so  placed.  The  most  important  pests  of  citrus  in  this  group 
seem  to  be  Othreis  fullonica,  Ophideres  materna,  Achaea  janata,  Calpe  ophideroides, 
C.  emarginata,  and  Anna  coronata.  Ayyar  (1943)  deals  with  those  which  are  im¬ 
portant  in  South  India,  and  Lai  (1949)  and  Chaturvedi  (1950-51)  with  those  caus¬ 
ing  damage  in  Uttar  Pradesh.  The  larvae  of  Anna  coronata  feed  on  the  ornamental 
creaper,  Quisqualis  indica,  and  those  of  Achaea  janata  on  a  variety  of  wild  and 
cultivated  plants.  Most  of  the  other  species  breed  on  wild  Menispermaceous  plants, 
including  Tinospora  cordifolia,  and  species  of  Cocculus. 


The  elimination  of  the  larval  host  plants  is  a  method  of  protecting  th. 
orchards  which  naturally  suggests  itself,  and  Susainathan  (1924)  reports  excellen 
results  from  this  procedure  in  the  northern  part  of  Madras.  In  other  places 
owever,  this  has  not  been  found  feasible,  as  the  hosts  are  widespread  and  th 
moths  are  capable  of  flying  long  distances,  Lai  (1949)  found  that  the  elimina 
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O95°o  si  i  hostrr“n  ?a,f  a  ^iIe  of  an  °rchard  was  not  effective- chaturvedi 

950-51)  on  the  Cher  hand  considers  this  the  most  promising  method  and  men- 

*  3  TSt in,  11  ?5%  °f  the  Cr°P  at  a  cost  of  six  annas  Per  tree.  The 

cost  might  be  less  in  subsequent  years.  Baptista  (1944)  describes  Othreis  fullonica 

and  summarizes  the  methods  which  have  been  tried.  These  include  the  cap- 

ture  of  the  moths  by  hand  or  with  nets,  light  traps,  baited  traps  with  or  without 

poison  smudging,  and  the  prompt  disposal  of  fallen  or  decaying  fruit,  the  last 

being  the  most  important,  along  with  early  harvesting.  Lai  (1949)  tried  several 

of  these  methods  and  also  deterrent  sprays.  Some  of  these  decrease  the  attack 

somewhat,  but  none  is  even  fairly  satisfactory.  The  bagging  of  the  individual  fruits 

is  effective,  but  is  expensive  and  laborious.  Rakshpal  (1945)  concludes  that  the 

only  feasible  method  is  to  avoid  the  presence  of  ripening  fruit  in  the  autumn  when 

the  moths  are  present.  He  found  it  very  satisfactory  in  the  case  of  the  sweet  orange 

in  Gwalior  to  allow  only  the  June  or  September  flowering,  and  found  that  the 

fruit  was  not  only  safe  from  attack,  but  sold  at  a  higher  price  than  that  from  the 

January  and  February  flowering.  If  a  large  number  of  growers  adopted  this 

practice,  however,  the  price  might  be  less  favourable. 


Fruit  flies  seem  to  be  serious  pests  of  citrus  fruits  only  in  limited  areas, 
perhaps  only  in  the  cooler  subtropical  regions.  They  cause  a  very  large  annual 
loss  in  Sikkim,  where  the  ground  under  the  trees  may  be  covered  with  the  fallen 
infested  fruit  (Hayes,  1945).  There  is  some  confusion  regarding  identification 
and  nomenclature.  Pruthi  and  Mani  (1945)  consider  Chaetodacus  diversus  the 
most  widespread,  and  a  sporadic  major  pest  in  several  parts  of  the  country.  They 
also  mention  C.  caudatus  and  C.  ferrugineus  dorsalis.  The  last  is  the  Formosan 
fruit  fly  which  is  important  throughout  tropical  Asia  and  was  introduced  into  Hawaii 
during  the  second  World  War,  where  it  has  caused  great  damage  and  worries  fruit 
growers  in  California.  It  may  be  the  same  as  Dacus  ( Strumeta )  ferrugineus 
which  is  common  near  the  Himalayas  and  infests  many  kinds  of  fruits.  Naik 
(1949)  mentions  only  one  species,  Dacus  incisus,  and  considers  it  not  important 
in  South  India.  Control  of  fruit  flies  is  notoriously  difficult.  The  most  impor¬ 
tant  measure  is  the  prompt  disposal  of  infested  fruit  in  such  a  way  as  to  kill  the 
larvae.  Poison  baits  are  also  used.  Very  little  seems  to  have  been  done  to  con¬ 
trol  them  in  India. 


Citrus  Diseases 


Citrus  trees  are  subject  to  many  diseases.  Fawcett  (1936)  in  his  excellent 
book  on  the  subject,  deals  with  more  than  two  hundred  diseases,  mostly  parasitic. 
Many  of  these  are  capable  of  causing  severe  damage,  but  fortunately,  in  most 
regions  only  a  few  are  of  much  importance.  A  briefer  and  somewhat  more  up-to- 
date  treatment  is  given  by  Fawcett  and,KIotz  (1948).  Fawcett  mentions  about 
18  diseases  which  have  been  reported  in  India,  and  it  is  possible  that  others  also 
occur.  Only  those  of  commercial  importance  are  discussed  here.  f 

Citrus  canker  is  one  of  the  most  prevalent  diseases  in  India,  although  it  has 
frequently  been  confused  with  scab,  It  may  have  originated  in  this  country,  as 
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herbarium  specimens  sent  from  Dehra  Dun  to  Kew  prior  to  1831  show  the  disease. 
It  may,  however,  have  originated  in  some  other  part  of  Asia.  It  has  spread  to 
many  of  the  citrus  areas  of  the  world.  It  became  established  in  I'lorida  and 
neighbouring  states,  and  was  eradicated  only  by  destroying  more  than  a  million 
orchard  trees  and  twice  that  many  nursery  trees.  The  seriousness  of  the  disease  is 
indicated  by  the  fact  that  it  was  considered  worth  while  to  eliminate  it  at  a  cost  of 
$2  500  000.  In  South  Africa  all  infected  .trees  were  destroyed  in  1918,  but  the 
disease  was  discovered  again  in  1924.  No  sign  of  the  disease  has  been  seen  there 
since  1926,  according  to  Doidge  (1938)  and  a  period  of  ten  years  without  evident 
infection  is  considered  proof  of  eradication.  It  has  also  been  eliminated  from 
Australia.  Such  a  method  does  not  seem  practicable  in  a  country  like  India  where 
the  disease  is  widespread  and  long  established. 

Canker  affects  the  leaves,  twigs,  thorns  and  fruits.  The  lesions  first  appear 
as  small  yellowish  spots  which  enlarge  to  a  diameter  of  3  or  4  mm.,  and  become 
raised  and  rough  or  spongy,  and  tan  or  brown  in  colour.  They  are  surrounded  by 
characteristic  yellow  areas  or  halos.  In  severe  cases  the  lesions  become  irregular 
and  may  coalesce.  -The  halos  commonly  are  missing  on  the  fruits.  The  lesions 
vary  somewhat  under  different  conditions  and  on  different  species.  The  causal 
organism  is  a  bacterium,  first  called  Pseudomonas  citri  and  then  Phytomonas  citri, 
but  now  Xanthomonas  citri. 


There  is  a  great  deal  of  difference  in  the  susceptibility  of  different  species. 
The  lime  is  very  susceptible,  which  together  with  the  fact  that  the  lime  is  widely 
grown,  accounts  for  the  widespread  occurrence  of  the  disease.  Fortunately,  under 
Indian  conditions  at  least,  the  damage  is  not  very  severe.  The  appearance  of  the 
fruit  is  marred,  but  this  does  not  prevent  its  sale,  and  the  trees  seem  to  flourish  in 
spite  of  heavy  infestations.  The  grapefruit  is  also  very  susceptible,  and  the 
damage  is  sometimes  more  severe.  Not  only  is  the  appearance  of  the  fruit  affect- 
e  ,  and  in  rare  cases  the  quality  also  damaged,  but  there  is  frequently  a  consider¬ 
able  loss  of  leaves  and  young  shoots.  The  sweet  orange  is  much  more  resistant, 
u  su  ers  to  a  s  lght  extent.  Most  of  the  loose-skinned  oranges  are  resistant,  and 
the  Samara  seems  to  be  immune.  The  pummelo  is  also  practically  immune.  The 
lemon  is  not  very  susceptible.  There  is  considerable  variation  between  varieties 
in  some  species.  Other  species  and  hybrids  vary  greatly  in  susceptibility. 

Climate  Fas  a  great  effect  on  the  spread  of  the  disease.  Optimum  condi 

fruits  a're  wet  str  Vr”1"'  ,isjaround  86  degees  F.  and  the  leaves  a!d 
mills  are  wet.  Such  conditions  prevail  during  the  rainv  season  Y„„  t 

are  frequently  present  at  that  time,  and  are  very  likelv  In  k„  i  r  ,  ,1  r  eaV<iS 
ly,  most  of  the  fruit,  in  the  case  of  graDefrnil  .  J  7  Fortunate- 

spring  and  is  fairly  well  grown  before  the  rai  bo8"'**  °rangeS’  ls  set  in  the 
fected  as  would  be  the  case  with  fruit  £  d^g^’raTus.  $°  “  ^  ~ 

Infected  trees,  is  probablyfmpoTsibt  undet  tondition^fl  ^  'h,  des,ructi°n  of  all 
~  A  good  deal  can  be  done  to  ,esse„  the  ££  ^  3 


218 


FRUIT  GROWING  IN  INDIA 


the  growing  of  resistant  species  and  varieties.  The  use  of  lemons  or  Rangpur  limes 
which  are  resistant,  in  place  of  the  common  lime  would  probably  be  desirable,  ah 
though  the  preference  of  the  consumer  is  a  factor  difficult  to  overcome.  Good 

resistant  oranges  are  available,  but  there  seems  to  be  no  satisfactory  substitute  for 
the  grapefruit. 


Infection  can  be  largely  prevented  by  keeping  the  leaves  and  fruits  covered 
with  some  fungicide,  such  as  Bordeaux  mixture,  but  this  is  scarcely  practicable 
during  the  rainy  season  when  infection  is  most  common.  The  sources  of  infection 
are  old  lesions  on  the  branches  and  infected  leaves  on  the  ground.  By  collecting 
the  leaves  as  they  fall,  and  pruning  out  the  infected  twigs,  before  the  rainy  season, 
the  amount  of  new  infection  can  be  reduced.  With  this  treatment,  damage  to 
grapefruit  at  Allahabad  has  been  negligible.  Park  (1938)  reports  partial  control 
of  the  disease  in  Ceylon-  When  the  leaf  miner  is  present,  the  trees  are  sprayed 
every  two  weeks  when  in  flush  with  colloidal  sulphur  or  lime-sulphur  plus  one 
eighth  to  one-fourth  ounce  of  nicotine  sulphate  per  gallon.  In  the  Punjab,  Luthra 
and  Sattar  (1942)  reduced  the  incidence  of  infected  fruit  from  about  25%  to  6% 
by  spraying  sweet  oranges  with  4-4-50  Bordeaux  mixture.  This,  combined  with 
the  removal  of  the  infected  leaves  before  spraying,  reduced  the  incidence  to  less 
than  1%,  and  after  two  years’  treatment,  only  a  trace  of  the  disease  remained. 
They  had  no  success,  however,  with  the  more  susceptible  lime.  Naik  (1949)  says 
that  canker  is  not  very  serious  in  South  India,  and  that  the  only  treatment  neces¬ 
sary  is  removing  the  diseased  parts  and  spraying  with  Bordeaux  mixture.  Varma 
(194^9  B)  on  the  other  hand!  says  that  the  use  of  this  spray  for  five  years  was  an 
utter  failure  but  that  by  the  use  of  a  contact  insecticide  against  aphids  and  the  leaf 
miner  on  each  of  the  first  three  flushes  on  more  than  6,000  grapefruit  and  sweet 
orange  plants,  canker  was  entirely  eliminated.  On  the  fourth  flush,  unsprayed,  there 
was  about  10%  infection,  so  he  advises  spraying  this  also. 


Scab,  which  has  frequently  been  reported  in  different  parts  of  India,  often 
mistakenly  for  canker,  seems  to  be  of  much  less  importance.  The  lesions  occur 
on  the  same  portions,  and  are  somewhat  similar  in  appearance.  Identification  is 
made  more  difficult  by  the  fact  that  several  different  organisms  are  frequently 
found  in  old  lesions.  Scab  lesions  project  on  only  one  side  of  the  leaf,  whereas 
those  of  canker  are  raised  on  both  sides,  and  scab  lacks  the  characteristic  yellow 
halo.  On  both  leaves  and  fruits  the  lesions  are  generally  accompanied  by  some 

distortion. 

In  order  to  distinguish  it  from  Australian  citrus  scab,  which  occurs  only 
in  Australia,  and  sweet-orange  fruit  scab,  found  only  in  South  America,  this  more 
general  disease  is  called  sour  orange  scab  or  verrucosis.  It  is  caused  by  a  fungus 
which  was  called  Sphaceloma  jawceui  until  the  discovery  of  the  perfect  stage 
1936  led  to  its  being  reclassified  as  Elsinoe  jawcetti. 

Here  again  there  is  a  great  difference  in  susceptibility  among  the  species. 
The  sour  orange,  rough  lemon,  lemon  and  calaniondin  are  among  the  very  suscep 
Species,  whereas  the  sweet  orange  and  lime  are  largely  or  entirely  tmmune. 
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Other  species  occupy  an  intermediate  position.  Bhattacharya  and  Dutt  (1949  A) 
state  that  in  Assam  the  rough  lemon,  lime,  citron,  and  ada  jamir  are  particularly 
susceptible. 

As  in  the  case  of  canker,  scab  spreads  most  rapidly  when  weather  condi¬ 
tions  are  favourable  and  there  are  young  leaves  or  fruits  present.  Like  canker  it 
can  infect  tissues  only  when  the  surface  is  wet,  but  it  prefers  a  lower  temperature, 
the  maximum,  according  to  Fawcett  (1936)  being  about  81.5  degrees  F.  This 
probably  explains  why  the  disease  is  not  very  severe  in  India.  In  Assam  infection 
is  likely  to  be  severe  during  the  rainy  season. 

If  control  measures  are  necessary,  infection  can  be  greatly  reduced  by 
keeping  the  young  growth  covered  with  a  copper  fungicide.  Fawcett  recommends 
a'  3-3-50  Bordeaux  spray,  and  this  has  been  found  effective  in  Assam. 

Withertip  or  anthracnose  is  a  disease  which  occurs  throughout  India  and 
other  citrus  regions,  but  is  generally  of  minor  importance.  In  most  places  it  ap¬ 
pears  only  on  trees  weakened  by  some  other  disease  or  by  the  lack  of  proper  care. 
Several  species  of  the  fungus  Collelotrichum,  are  commonly  present  as  saprophytes 

and  are  able  to  produce  the  disease.  The  one  most  commonly  occurring  in  India  is 
C.  gloeosporioides  ( Glomerella  cingulata),  of  which  there  seem  to  be  a  number  of 

strains,  varying  in  virulence.  In  Uttar  Pradesh,  Dey  (1934)  states  that  withertip 
is  caused  by  Gloeosporium  limetticolum ,  a  closely  related  fungus  causing  anthrac¬ 
nose  of  the  lime  in  Florida  and  the  West  Indies,  but  that  C-  gloeosporioides  is 
generally  also  present.  According  to  Chaudhuri  (1936)  it  is  only  in  the  Punjab 
that  withertip  is  a  serious  disease  in  India,  and  there  the  most  badly  damaged 
orchards  are  found  in  the  low  hills  and  within  a  hundred  miles  of  the  mountains. 
All  types  of  citrus  grown  are  affected,  but  the  sweet  orange  and  Santara  suffer 
most.  Bhattacharya  and  Dutta  (1949  A)  state  that  in  Assam  the  disease  is  seri¬ 
ous,  attacking  limes,  lemons,  and  citrons.  Naik  (1949)  says  that  withertip  caused 
by  a  species  of  Gloe.osporium  is  serious  on  the  lime,  and  that  the  more  common 
form  also  occurs.  Rather  sharp  but  brief  outbreaks  of  similar  symptoms  occurred 
on  some  trees  in  Allahabad  in  the  winters  of  1941-42  and  1942-43.  C.  gloeo¬ 
sporioides  was  isolated  from  dead  twigs,  but  some  other  organism  may  have  been 
responsible  for  the  attack. 


The  most  commonly  observed  symptom  of  withertip  is  that  which  gives  it 
its  name.  The  leaves  fall  off  the  small  twigs,  and  the  latter  gradually  die  and 
turn  a  grayish  colour.  Frequently  small  black  dots,  the  acervuli  of  the  fungus 

in;'  the  de,ad, tWigS'  Sometiraes  ,he  leaves  are  spotted  before  they  drop, "the’ 

ac  ,heP!rS  ! T  31  fifSt  and  S°°n  lUmin»  kr0™-  Th*  also  at- 

k.  the  stem  end  of  the  immature  fruits,  causing  them  to  fall.  In  severe  cases 

e  branches  may  die  back  to  such  an  extent  that  in  a  few  years  the  tree  dies. 


culture  ^andj6  orchard' hygiene 9  T„  ^ Pr°Per 
ahl*  inth  C  ygiene.  in  the  Bunjab,  however,  it  frequently  seems  desir- 

a  e  specific  measures  in  addition.  Chattdhuri  (1936)  secured  good  results 


220 


FRUIT  GROWING  IN  INDIA 


by  spraying  with  Bordeaux  mixture,  5-5-50,  and  recommends  that  this  be  used  in 
February  or  March  and  again  late  in  September,  in  addition  to  good  orchard 
practice  and  the  pruning  off  and  burning  of  all  diseased  twigs  each  winter.  He 
emphasizes  the  necessity  of  control  of  the  disease  in  the  nurseries,  as  much  nur¬ 
sery  stock  is  affected.  He  also  found  that  some  stocks  seem  to  give  partial  immu¬ 
nity  to  susceptible  varieties,  and  recommends  the  use  of  the  rough  lemon,  Eureka 
lemon,  citron,  and  sour  orange.  The  removal  of  infected  branches  and  spray¬ 
ing  with  3-3-50  Bordeaux  are  recommended  in  Assam,  followed  by  the  use  of 
manure  and  good  cultivation  to  restore  vigour.  Sattar  (1945)  emphasizes  the 
importance  of  soil  and  other  environmental  conditions,  and  says  that  root  infec¬ 
tion  by  fungi  is  connected  with  the  disease. 

Gummosis 

Gummosis  or  gum  disease  is  of  frequent  occurrence  throughout  the  citrus 
areas  of  the  world.  The  production  of  gum  on  the  lower  part  of  the  trunk,  and 
sometimes  on  the  main  roots,  may  be  caused  by  a  number  of  different  fungi.  The 
most  common  forms  are  caused  by  members  of  the  genus  Phytophthora,  and  are 
called  brown-rot  gummosis,  because  the  same  fungi  cause  a  rot  of  the  fruit  char¬ 
acterized  by  a  pale  brown  colour  and  a  distinctive  smell.  When  the  attack  is  at 
or  below  the  surface  of  the  soil,  it  is  frequently  called  foot  rot.  Not  all  cases  of 
gummosis  in  India  have  been  studied,  but  it  is  probable  that  the  brown-rot  gum¬ 
mosis  is  the  one  which  most  commonly  occurs.  At  least  three  species  cause  the 
disease,  P.  citrophthora,  P.  parasitica ,  and  P.  palmivora.  Naik  (1949)  speaks  of 
collar  rot  caused  by  P.  parasitica  and  gummosis  similar  to  that  caused  by  Pythia- 
cystis  in  other  countries,  but  Fawcett  (1936)  considers  this  a  synonym  for  Phytoph¬ 
thora.  In  India  and  elsewhere,  this  group  of  diseases  is  frequently  complicated  by 
the  common  soil  fungus,  Fusarium.  Choudhury  (1951)  reports  on  gummosis  in 
Assam  caused  by  P.  parasitica.  It  is  frequently  accompanied  by  F.  lateritum  which 
alone  is  unable  to  cause  symptoms. 

Symptoms  vary  somewhat  in  the  different  species,  but  in  general  the  first 
indication  of  the  disease  is  the  exudation  of  gum  from  the  bark  of  the  trunk.  The 
bark  cracks  more  or  less  extensively,  and  in'  the  later  stages  dries  up  and  falls  off, 
exposing  the  wood.  If,  the  bark  is  scraped  in  the  early  stages,  it  is  seen  to  have 
become  brown  through  the  cambium  layer,  but  only  for  a  short  distance  into  the 
wood.  Secondary  infection  by  other  organisms  is  frequent,  and  may  cause  a 
decay  of  the  wood  itself.  If  conditions  are  favourable,  the  infection  spreads 
rapidly  vertically,  and  slowly  horizontally.  Even  mild  attacks  interfere  mar  e 
ly  with  the  vigour  and  productivity  of  the  tree,  and  severe  attacks  frequently 
cause  death,  or  at  least  make  the  plant  worthless. 

Infection  takes  place  through  the  bark,  frequently  at  the  point  of  the  bud 
union.  Any  injury  to  the  bark  aids  infection,  but  this  is  not  necessary.  t 
necessary  for  the  bark  to  be  wet,  either  by  rain  or  irrigation.  Temperature 
also  important.  Uppal  and  Kamat  (1936)  found  that  Phytophthora  palmmra, 
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the  species  occurring  in  Bombay  Province,  grows  most  rapidly  at  temperatures 
around  80  or  85°F. 

Susceptibility  varies  greatly  Uppal  and  Kamat  (1936)  found  the  Mosambi 
and  pummelo  very  suceptible,  the  Santara  only  mildly  so,  and  the  lime  practically 
immune.  Chowdhury  (1951)  reports  the  pummelo,  sweet  orange,  karna,  lime, 
lemon  and  Citrus  assamensis  most  susceptible  to  Phytophtliora  parasitica  in 
Assam,  while  the  rough  lemon  is  less  susceptible  and  the  mandarin  and  sour 
orange  are  immune.  The  rough  lemon  which  is  commonly  used  as  a  stock  in 
Bombay,  is  highly  resistant  there,  but  is  quite  susceptible  in  America. 

Much  can  be  done  to  prevent  gummosis  in  new  plantations.  One  obvi¬ 
ous  method  is  the  use  of  resistant  or  immune  stock,  together  with  budding  at 
least  six  inches  above  the  ground.  The  fungus  lives  in  the  soil,  and  there  is 
every  likelihood  of  infection  if  the  susceptible  scion  touches  the  soil  or  is  low 
enough  that  rain  water  splashes  up  on  it.  For  the  same  reason,  deep  planting  and 
the  heaping  of  soil  around  the  trunk  are  to  be  avoided.  It  is  important  that 
irrigation  water  should  not  touch  the  trunk. 

Under  certain  conditions,  however,  no  immune  stock  is  satisfactory  for  other 
reasons.  In  such  cases,  in  addition  to  practices  which  keep  the  trunk  free  from 
standing  water  or  wet  soil,  much  can  be  done  by  the  application  to  the  trunk  of 
Bordeaux  paste  or  a  powder  of  copper  sulphate  and  lime,  or  a  mixture  of  12  parts 
of  zinc  sulphate,  1  part  of  copper  sulphate  and  6  parts  of  hydrated  lime. 
These  may  be  dusted  on  the  trunk,  or  applied  in  a  cylinder  of  heavy  tarred  paper 
fastened  around  the  trunk  loosely,  using  1  part  of  the  former  to  10  parts  of  sand, 
or  equal  parts  of  the  latter  and  sand.  Such  treatments  are  specially  important 
in  the  first  few  years  of  the  life  of  the  orchard. 


Where  infection  has  taken  place,  treatment  is  possible  if  undertaken  in 
time.  The  bark  should  be  scraped  to  find  out  how  much  is  diseased.  The  fungus 
extends  somewhat  beyond  the  brown  area.  The  bark  should  be  removed  to  the 
wood  over  an  area  extending  about  half  an  inch  beyond  the  limits  of  discoloura¬ 
tion  on  the  sides,  and  two  inches  above  and  below.  The  wound  is  covered  with  a 
fungicide  to  prevent  reinfection.  Fawcett  (1936)  recommends  a  paste  or  wash 
made  of  1  pound  of  zinc  sulphate,  1  pound  of  copper  sulphate,  and  2  pounds  of 
hme  to  2  gallons  of  water.  Uppal  and  Kamat  (1936)  secured  very  good  results 
y  using  crude  carbolic  acid  diluted  with  an  equal  amount  of  water,  but  prefer  a 
25  to  30%  creosote  oil.  Klotz  (1943)  found  the  copper  fungicides,  with  ‘stickers’ 
satisfactory,  but  considered  tetrachloro-p-benzoquinone  very  promising  in  case  it 
becomes  available  at  a  reduced  price. 


,,  h  K  a.tlrkl"S  lhe  bark  of  the  lru"k  and  large  roots,  F.  citroph- 

thora  has  been  reported  by  Fraser  (1942  A,  B)  as  causing  lesions  on  the  smaller 

roots  and  the  premature  decay  of  the  fibrous  roots,  in  Australia.  Brown  rot  is 
ry  serious  disease  of  mandarins  in  Coorg  according  to  Bn'  A  \ • 

(1944),  although  they  refer  to  it  only  as  .  Ujft  %£%  £*% 


222 


FRUIT  GROWING  IN  INDIA 


r-s  *"f“ “ *,rjr  5 

£  X  S  =“ 

brow,  rot  and  emit  a  peculiar  and  offensive  odour.  To  control  the  disease  they 
recommend  the  collection  and  destruction  of  fallen  leaves  and  fruit  and  a  single 
spray  of  1%  Bordeaux  mixture  late  in  May,  sometimes  repeated  in  August  or 
eptember.  In  four  trials,  the  net  profit  from  spraying  varied  from  Rs.  30  to 

•  °  ,  P"  ac,re'  The  dlsease  has  also  been  reported  from  other  parts  of  Madras, 
particularly  where  the  rainfall  is  heavy. 

Another  type  of  gummosis,  caused  by  Botrytis  cineria,  also  occurs  in 
Assam,,  according  to  Mitra  and  Khongwir  (1928).  This  has  also  been  reported 
as  attacking  lemons  in  California,  but  it  is  not  known  what  other  species  are 
susceptible.  Treatment  is  similar  to  that  for  brown-rot  gummosis. 

Pink  disease,  caused  by  the  fungus  Pellicularia  (Corticium)  salmonicolor, 
has  been  reported  from  Assam,  Madhya  Pradesh,  and  South  India.  This  is 
a  disease  which  attacks  a  great  variety  of  crops  in  the  tropics,  causing  severe 
damage  and  frequently  death.  Its  name  comes  from  the  pink  mycelium  on  the 
surface  of  the  branches  at  one  stage.  Dastur  (1941)  reports  that  it  is  epidemic 
in  Balaghat  district  of  Madhya  Pradesh,  where  the  rainfall  between  June  1  and 
October  31  averages  more  than  60  inches.  He  found  cutting  out  the  diseased 
branches  and  spraying,  the  measures  which  are  ordinarily  sufficient,  not  entirely 
satisfactory,  as  it  was  difficult  to  prune  the  large  trees  completely  enough,  and  to 
keep  the  spray  on  the  trees  in  the  rainy  season.  He  recommends  searching  for 
cankers  in  the  dry  season  and  scraping  them  and  the  bark  at  the  crotches  where 
dormant  mycelium  has  been  observed  and  treating  the  wounds  with  Bordeaux 
paste  or  creosote.  Frequent  examination  and  the  removal  of  diseased  portions  in 
the  wet  season  is  also  necessary.  P.  alba  has  also  been  noted  on  citrus  stems  by 
Dastur  (1946). 

Powdery  mildew  causes  considerable  damage  in  South  India,  particularly 
to  mandarins  in  comparatively  cool,  moist  regions.  Devarajan  (1946)  states  that 
It  was  long  considered  a  minor  disease  in  Coorg,  but  became  very  serious  in  1943 
when  scarcely  a  tree  escaped  damage.  Greenish  white  patches  of  the  mildew  ap¬ 
pear  on  the  leavs,  mainly  on  young  ones,  causing  them  to  curl,  dry,  and  fall.  The 
trees  lose  vitality,  and  in  severe  cases  the  twigs  die.  Damage  in  nurseries  is 
more  severe  than  in  orchards.  The  cause  is  a  species  of  Oidium,  considered  by 
Mundkur  to  be  different  from  O.  tingitanium  which  has  been  reported  from  Cali¬ 
fornia.  Dusting  with  200-mesh  sulphur  when  the  trees  are  wet  with  dew  or  from 
spraying  with  water,  at  a  cost  of  Rs.  1-4-0  (plus  labour)  for  10  mature  trees,  was 
found  entirely  satisfactory,  and  better  than  spraying  with  Bordeaux. 

Sooty  mould  caused  by  a  species  of  Capnodium  which  develops  on  the 
secretions  of  insects,  reduces  yields  in  South  India,  according  to  Naik  (1949).  He 
recommends  spraying  with  fish  oil  rosin  soap  (1.25%  strength)  and  tobacco 
decoction  with  starch,  to  control  the  insects. 
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A  bacterial  rot  of  fibrous  roots,  occasionally  affecting  roots  up  to  two 
inches  in  diameter,  has  been  reported  by  Asthana  (1947)  on  mandarins  and 
oranges  in  Madhya  Pradesh.  In  advanced  cases  the  bark  also  cracks,  and  the 
tree  shows  symptoms  of  die-back.  A  bacterium,  probably  a  new  species  of 
Bacillus  was  isolated  and  was  able  to  cause  the  disease,  but  poor  soil  conditions 
and  neglect  were  considered  very  important  predisposing  causes.  In  advanced 
cases,  Fusarium  was  also  always  present. 


Khasi  mandarin  trees  more  than  five  years  old  have  recently  been  found  in¬ 
fected  with  ‘foam’  or  ‘weeping’  disease,  according  to  Bhattacharya  and  Dutt  (1949  A) 
and  Chowdhury  (1950  B).  White  foam  or  froth  exudes  from  longitudinal  cracks  in 
the  bark  of  the  trunk  and  branches  from  ground  level  to  a  little  more  than  one  foo't 
above.  The  bark  rots  and  the  wood  emits  a  disagreeable  odour  and  turns  slightly 
brown.  The  symptoms  start  at  the  beginning  of  the  monsoon  season,  and  continue 
until  September.  The  bark  then  peels,  and  eventually  the  trunk  may  be  girdled.  The 
wounds  give  entrance  to  borers.  The  foam  contains  large  numbers  of  yeast  cells 
and  fungal  mycelium,  but  the  cause  has  not  been  ascertained.  Treatment  is  similar 
to  that  for  gummosis. 

The  felt  disease  is  so  called  because  of  a  felt-like  covering  of  the  twigs 
caused  by  Septobasidium  pseudo pedicellatum,  and  it  is  reported  by  Chowdhury 
(1951)  to  be  common  in  all  the  citrus  areas  of  Assam.  It  seems  to  cause  no  direct 
damage,  but  frequently  protects  scale  insects.  He  recommends  control  by  giving 
the  trees  favourable  growing  conditions,  and  the  spraying  of  the  scale  insects  if 
necessary.  Rao  (1951)  says  that  the  disease  is  found  in  the  West  Godavari  district 
of  Madras,  and  can  be  controlled  by  spraying  twice  with  a  fungicide. 


Of  the  physiological  diseases,  the  most  serious  in  India  is  that  known  as 
die-back.  This  is  perhaps  not  so  much  a  disease  as  a  group  of  symptoms  which 
vary  somewhat  under  different  conditions.  In  genera],  the  leaves  of  a  shoot  turn 
ye  ow  and  fall  and  the  shoot  dies.  Sometimes  there  is  some  gumming.  Gradu- 
a  y  .e  larger  limbs  also  die,  and  in  the  course  of  four  or  five  years  the  tree  may 
die.  More  frequently,  however,  the  trees  continue  to  live  for  a  number  of  years 
but  bear  very  little  fruit.  Although  several  fungi  are  frequently  found  on  the 
^  portions  they  seem  to  be  saprophytic,  and  no  causal  organism  has  been  dis- 


The  cause  or  causes  of  die-back,  or  exanthema  as  it  is  also  called  are  not 
definitely  known.  Malnutrition  and  abnormal  water  relation  ‘ 

tant  factors.  It  seems  most  likely  to  occur  in  poorly  dti"ed  s0Tl  or  ,mP°r‘ 
sandy  soil.  Cheema  and  Bhat  (1928)  have  renortP^  .  ’  n  poor» 

Bombay,  where  the  disease  is  very  widespread  The  7  Tl  mwstiSations  in 
were  often  growing  on  verv  unsnitahlp  -i  fount*  that  citrus  orchards 

•Mu.  a  whitish,  limy  soil  with  very  noo^  d  1  hos«  *  subsoil  of 

the  soil  seems  m  indL7  dilhack  bm  too  h  matter  in 

effect.  Heavy  irrigation,  particularly  on  helvy  ™\7  h^f 

lone  to  roots  when  thev  ...  J  .  i  *  *°T ’  ’S  .aUo  ha™ful-  The 


damage  done  to  roots  when  they  are  exp^d  ^ 
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orchards  suffering  from  die-back,  a  great  improvement  was  made  by  the  use  of 
nitrogenous  manures  and  also  by  digging  drains. 

9  >  _ 

While  all  citrus  trees  in  Bombay  were  found  to  be  susceptible,  the  Santara 
was  worst  in  this  respect  and  the  Mosambi  next,  the  lime,  lemon,  and  pummelo  being 
comparatively  resistant.  The  rough  lemon,  jamburi,  is  used  as  stock,  and  there  is 
some  evidence  that  some  strains  of  it  may  be  more  resistant  than  others.  It 
would  seem  questionable,  however,  whether  citrus  orchards  should  be  planted  at  all 
unless  fairly  favourable  soil  conditions  can  be  secured.  Bhat  (1945)  has  review- 
ed  the  knowledge  of  the  disease. 

Die-back  in  Assam  seems  somewhat  different,  at  least  in  the  hills  where  drain¬ 
age  is  exceptionally  good.  The  difficulty  there  is  probably  connected  with  the 
heavy  rainfall  during, the  monsoon  season,  about  200  inches  in  some  of  the  citrus 
tracts,  followed  by  a  long  dry  season.  Irrigation  is  not  practised.  The  rain 
leaches  much  of  the  food  material  from  the  soil,  and  in  the  dry  season  the  trees 
definitely  suffer  from  lack  of  water.  It  is  not  surprising  that  many  of  the  trees  die 
each  year. 

A  premature  dropping  of  citrus  fruits  in  Bihar  has  been  studied  by  Sinha 
and  Mallik  (1950).  In  the  case  of  the  Nagpur  Santara  they  found  that  the  amount 
of  the  drop  varied  from  place  to  place  and  from  year  to  year,  but  was  greater  in 
the  ‘off’  years,  and  when  the  rain  was  heavy.  It  begins  in  August  and  stops  by  the 
end  of  October,  with  the  maximum  drop  in  the  third  week  of  September.  There 
was  very  little  drop  from  trees  treated  for  the  second  crop.  The  sweet  orange  was 
observed  to  be  more  badly  affected  than  the  mandarin,  and  the  sweet  and  sour 
limes  were  also  commonly  affected. 

Harvesting  and  Marketing. 


The  citrus  fruits  are  very  well  designed  for  marketing.  The  harvesting 
season  is  comparatively  long,  but  in  some  cases  all  the  fruit  on  a  tree  can  be  picked 
at  one  time.  In  South  India,  however,  where  the  flowering  season  is  prolonged, 
and  ripening  is  uneven,  the  common,  practice  of  harvesting  all  the  fruit  at  one  time 
is  said  by  Naik  (1949)  to  lead  to  disastrous  results.  After  the  fruit  reaches 
maturity  it  can  be  allowed  to  remain  on  the  tree  for  several  weeks  without  deterio¬ 
rating.  In  some  cases,  however,  there  is  danger  of  granulation,  or  the  fruit  may 
become  dry.  In  such  cases  it  is  desirable  to  harvest  the  fruit  as  early  as  possible. 
The  sweet  species  should  not  be  harvested  until  reasonably  mature,  and  in  some 
countries  laws  forbid  their  sale  until  they  have  attained  a  certain  ratio  of  total 
solids  to  acid.  Total  solids  are  considered  because  they  are  mostly  sugar  and  are 
much  more  easily  calculated  than  sugar.  In  the  United  States  a  ratio  o  parts 
total  solids  to  one  part  acid  is  considered  satisfactory  for  the  sweet grange  ab 
though  good  fruit  is  likely  to  have  about  10  to  12%  total  solids,  and  .872  to  1.125% 

acid,  giving  a  ratio  between  10  and  13.  Q  0 

Naik  and  Sugurappa  (1943)  state  that  Sathgudi  oranges  in  Kodur  have  8. 
to  9%  solids  (degrees  Brix)  and  .441  to  .482%  acid  during  the  main  season, 
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November  and  December,  with  a  ratio  of  18.05  to  19.83.  In  the  second  seasor.  July 
and  August  the  amount  o[  acid  was  almost  twice  as  great  and  the  total  solids  only 
sli*>luly'larger,  with  a  ratio  of  12.14  to  12.08.  They  state  that  South  Indians  pie  ei 
a  fruit  with  a  low  acid  content,  and  this  probably  holds  for  oilier  parts  of  the  country 
as  well.  They  suggest  standards  for  three  grades,  lor  the  first  grade  of  the  mam 
season  crop  they  suggest  at  least  8.5°  Brix.  45%  acid,  a  ratio  of  at  least  19,  and 
juice  content  at  least  46%.  They  state  that  the  percentage  of  total  solids  would 
provide  a  fairly  good  standard.  In  Madhya  Pradesh,  also,  there  is  a  great  d.fterence 
in  the  composition  of  mature  fruits  of  the  two  crops.  M.  P.  Singh  and  hunte  (191 J) 
found  that  ripe  fruit  on  December  3,  1948  averaged  8.48%  total  solids  in  the  stylar 
half  and  7.84%  in  the  stem  half,  with  .566  and  .514%  acid  respectively.  On  March 
9,  when  the  second  crop  was  equally  ripe,  the  figures  were  13.03  and  12.42%  total 
solids  and  .808  and  .688%  acidity.  In  both  cases  the  ratio  is  high,  15.30  and  15.51 
in  December  and  16.28  and  18.44  in  March,  but  the  quality  of  the  second  crop  was 
unquestionably  superior.  They  found  the  better  quality  of  the  stylar  ends  reflected 
in  the  taste.  The  fruit  of  the  early  crop  in  October,  when  marketing  had  begun, 
had  a  ratio  of  less  than  7  to  l. 


Lemons,  on  the  other  hand,  are  frequently  picked  by  size,  without  reference  to 
maturity,  as  they  are  of  as  good  quality  when  green  as  when  fully  ripe.  I  hey  are 
coloured  before  marketing  by  storage  or  by  the  use  of  ethylene  gas. 

The  yield  per  acre  varies  greatly  in  different  sections,  but  it  is  estimated 
(Anon.,  1943  A)  that  the  average  yield  of  oranges  in  India  is  about  98  maunds, . 
placing  it  fourth  in  a  list'  of  nine  leading  producing  countries,  with  Japan  produc¬ 
ing  42  maunds  and  the  United  States  132.  The  yield  of  sweet  oranges  is  estimat¬ 
ed  at  about  100  maunds  per  acre  in  Madras,  the  Punjab  and  Uttar  Pradesh,  140  in 
Bombay,  and  180  in  Hyderabad.  The  mandarin  group  varies  from  50  to  364 
maunds.  In  the  important  area  in  Madhya  Pradesh  the  yield  is  put  at  85  to  250 
maunds  (but  Karmarkar  and  Joshi  (1942)  estimate  only  107  maunds  per  acre  for 
this  region).  Limes  are  estimated  at  from  79  to  300  maunds,  pummclos  at  from 
83  to  400,  and  sweet  lemons  at  100  to  152.  As  it  is  stated  that  from  30  to  50%  of  the 
trees  have  not  yet  reached  full  bearing,  it  is  to  be  expected  that  the  yield  will  in- 
ciease  rapidly  in  the  next  decade.  Bao  (1946)  gives  estimates  falling  within 
these  ranges,  with  an  average  of  about  3.8  tons  or  nearly  104  mds.  per  acre  for 
all  citrus  fruits.  Naik  (1949)  gives  much  lower  figures  for  Madras,  about  38 

mds.  of  oranges,  33  mds.  of  mandarins,  65.5  mds.  of  limes,  and  82  mds.  of 
vadlapudi. 


Citrus  trees  live  for  a  long  time,  and  with  proper  care  continue  to  bear 
well.  Harding  (1951)  reports  that  in  a  survey  of  43  sweet  orange  orchards  in 
California,  selected  for  high  yields,  it  was  found  that  35  were  at  least  30  years  old, 
11  were  at  least  50  years  old,  and  one  was  actually  70  years  of  age. 

The  figures  given  for  the  prices  received  by  the  growers  indicate  that  the  in- 
duslty  ,s  very  profitable.  Prices  paid  by  contractors  for  the  fruit  on  the  trees  are 

liSVei57°,o  R  ™7t  SCVeral  raa!t  ln  ,<lifferem  ‘1,aCeS’  Sweet  ora»^  *>'<>  for 
Its.  .157  to  Rs.  750  per  acre  m  Cttddapah,  for  Rs.,225  to  Its.  323  i„  Bombay  and 
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R°;  52  ^  t;  "S-  f,8  in,U-  P-  L— ^nned  oranges  sold  for  as  .idle  as 
n rices  J  ,1  111  a  e™>  J|ut  m  most  places  brought  better  prices.  The  highest 

AIadh/C  P  d  r6  ^  r  ,'ara  ^  Ka,°'  ,ahsil’  *he  leadi"S  producing  area  in 
adhva  Pradesh,  where  for  the  seasons  1931-32  to  1939-40,  the  price  per  acre 

'aued  from  Rs.  650  to  Rs.  3,900,  averaging  Rs.  2,358.  (Here  again  Karmarkar  and 

Joshi  give  a  more  conservative  estimate  of  Rs.  321  as  the  average  price  per  acre  in 

tri-p')  t  oom  Rs-  200  *° Rs- 600  per  acre  in  West  G°davari  d!s- 

tnct?  and  the  kichili  for  Rs.  233  to  Rs.  384  in  Guntur. 

Naik  (1949)  gives  the  actual  production  costs,  without  capital  or  mana*e- 
mem  charges,  of  4.4  acres  of  Sathgudi  budded  oranges  and  1  acre  of  limes,  mostly 
udded,  from  1938,  when  they  were  planted,  until  the  spring  of  1946.  The  costs 
per  acre  were  manual  labour,  Rs.  288  and  417;  bullock  labour,  Rs.  105  and  74; 
irrigation,  Rs.  197  and  333;  manure  Rs.  146  and  281;  other  expenses,  Rs.  79  and 
198;  plants  Rs.  32  and  75;  total,  Rs.  849  and  1381  for  oranges  and  limes  respec¬ 
tive!}.  He  does  not  explain  the  differences  in  expenses  between  the  two.  He  also 
gives  some  instances  of  high  returns,  including  a  Sathgudi  orchard  which  aver¬ 
aged  Rs.  166  per  tree  in  one  year.  One  grower  in  Coorg  reported  an  average 

yield  in  19-46  of  1,000  fruits  per  tree  and  a  gross  income  of  Rs.  800  per  acre.  In 
one  case  the  net  income  of  Batavian  oranges  in  their  eighth  years  was  Rs.  1.500  per 
acre. 


Although  the  citrus  fruits  have  fairly  thick  rinds,  they  should  be  carefully 
handled  during  picking  and  marketing.  In  this  matter,  there  is  room  for  much 
improvement  in  India.  In  most  cases,  they  should  probably  be  cut  from  the  tree, 
rather  than  pulled.  Special  shears,  with  blunt,  curved  blades  are  manufactured  to 
enable  the  picker  to  cut  the  stem  very  close  to  the  fruit  without  damaging  the  rind. 
The  fruits  may  well  be  dropped  gently  into  canvas  bags,  and  then  transferred  to 
boxes  or  baskets.  The  practice  of  hauling  oranges  to  the  Nagpur  market  piled 
loose  in  ox-carts,  like  that  of  dumping  them  into  boats  in  Assam,  results  in  much 
damage.  Later,  they  are  frequently  packed  in  light  bamboo  baskets  which  do  not 
provide  adequate  protection.  In  both  cases  the  fruit  is  the  comparatively  delicate 
loose-skinned  orange,  and  a  large  proportion  of  the  fruits  spoil  before  reaching 
the  retail  market.  Sikkim  is  ahead  of  the  rest  of  the  country  in  that  practically 
all  of  the  mandarins  exported  are  packed  in  strong  wooden  boxes.  Unfortunately, 
Agmark  grading  was  not  continued  after  a  trial  period,  as  the  packers  felt  that  the 
market  preferred  fruits  of  different  sizes  in  the  same  box. 

In  other  countries  citrus  fruits  are  frequently  washed,  dried,  sorted,  graded, 
wrapped  in  tissue  paper,  and  packed  in  light  wooden  boxes,  with  the  result  that 
there  is  comparatively  little  loss.  Naik  and  Sugurappa  (1943)  report  that  the 
Kodur  Fruit  Growers’  Co-operative  Society,  Ltd.,  has  done  much  to  improve  the 
marketing  of  oranges,  and  has  introduced  a  simple,  cheap,  and  satisfactory  hand 
grading  machine.  The  first  grading  centre  under  the  Agmark  scheme  was  estab¬ 
lished  in  1937,  and  a  number  were  established  in  the  following  years.  The  fruit 
so  packed  is  said  to  bring  a  premium  of  from  5.6  to  37%.  Standards  have  been 
established  for  Santara  and  Mosambi  oranges,  based  on  size,  stage  of  ripeness  (in 
indefinite  terms),  and  external  appearance.  It  was  felt  that  more  exacting  stan  • 
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aids  would  have  to  wait  until  vegetative  methods  of  propagation  are  generally 
adopted,  and  there  is  more  uniformity  in  the  fruit  grown. 

Most  of  the  citrus  fruits  may  be  kept  for  some  time  at  ordinary  temperatures, 
and  for  several  months  in  cold  storage.  As  L.  Singh  and  Hamid  (1942)  point  out, 
temperatures  ranging  from  32  to  50°  F.  have  been  recommended.  Rose  and 
others  (1941)  recommend  32-34°  for  sweet  oranges  and  grapefruit,  45-48°  for  limes 
and  55-58°  for  lemons,  the  relative  humidity  in  each  case  being  kept  at  85-90%. 
Miller  (1946)  recommends  similar  temperatures  and  mentions  several  factors  lead¬ 
ing  to  physiological  disorders  in  storage.  These  are  a  high  percentage  of  potas¬ 
sium  in  the  fertilizer,  high  moisture  and  organic  matter  in  the  soil,  the  suscepti¬ 
bility  of  the  variety,  harvesting  after  relatively  high  mean  temperatures,  storing  of 
fruit  from  the  outside  branches,  storing  fruit  that  is  physiologically  immature, 
processing  in  the  packing  house,  and  a  low  relative  humidity  in  storage.  He  had 
success  using  an  atmosphere  containing  10  to  15%  of  carbon  dioxide,  but  found 
that  with  a  high  carbon  dioxide  content,  prolonged  storage  resulted  in  injury  to  the 
rind  or  harm  to  the  flavour  of  the  fruit.  Experiments  have  been  carried  out  on 
sweet  and  loose-skinned  oranges  in  India,  leading  to  the  recommendation  of  higher 
temperatures. 


Cheema,  Karmarkar  and  Joshi  (1937),  Cheema  and  Karmarkar  (1939), 
and  Karmarkar  and  Joshi  (1940  A,  1942)  found  that  the  Santara  suffered 
*  from  chilling  at  35°,  but  kept  well  for  3  months  at  40°,  or  for  6  weeks  at  52°, 
or  for  1  month  at  52°  plus  3  months  at  40°.  The  Assam  orange  is  said  to  have 
brown  specks  on  the  rind  normally,  which  spread  and  cause  decay  in  storage, 
reducing  storage  life  to  about  6  weeks.  They  report  that  the  Mosambi  kept  well  for 
4  months  at  52°  or  for  5  months  at  40°.  The  colour  changed  very  slowly  at  the 
lower  temperature.  The  Malta  kept  only  4  months  at  40°.  L.  Singh  and  Hamid 
tested  the  Malta  and  Santara  at  29-32°,  36-39°,  and  40-43°,  and  found  that  both 
did  better  at  36-39°  than  at  either  of  the  other  temperatures.  The  Mosambi  did 
not  keep  quite  as  well  as  other  varieties  of  sweet  orange,  about  3  or  4  months, 

while  the  Sangtra  kept  only  4  or  5  weeks.  Wrapping  the  fruit  in  butter  paper 
increased  the  storage  life. 


Orange  marmalade  has  long  been  an  important  product,  and  is  one  of  the 
mam  uses  of  the  sour  orange.  Sweet  oranges,  grapefruit,  and  other  types  are 
a  so  use  m  t  is  wa>.  Orange,  lemon,  lime  and  grapefruit  juices  are  bottled  and 
canned  to  a  considerable  extent,  although  it  is  difficult  to  secure  a  product  with  a 
satisfactory  flavour.  The  flavour  is  less  damaged  when  preservation  i«  1 
of  chemica's  rather  than  by  heating.  Lai  (1944)  found  that  preserva^"^ 
sulphur  dioxide  was  more  effective  in  conserving  the  vitamin  C  in  orange  and 

srhTahned rr  v* lemon- There was 450 b“  17: 

la  I";,  mri  vrieiies  of  sweet  °range  varied 

O  to  84.42  mg.  m  Pineapple,  per  100  ml.  The  Eureka  lemon 
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Chapter  xv. 


the  BANANA 


The  banana  is  a  fruit  of  superlatives.  It  is  one  of  the  most  ancient  of  food 
plants,  having  been  used*  and  perhaps  cultivated,  at  the  dawn  of  recorded  history. 
It  is  one  of  the  most  common  of  plants  in  a  large  part  of  the  world,  yet  its  pro¬ 
duction  is  more  highly  industrialized  than  that  of  any  other  fruit.  When  it  was  first 
introduced  into  Europe,  it  was  regarded  as  a  rare  luxury,  and  is  still  considered  a 
liuit  of  excellent  quality.  Disraeli  wrote  that  ‘‘the  most  delicious  thing  in  the 
world  is  a  banana  .  On  the  other  hand,  it  is  a  staple  food  for  thousands  of  poor 
people,  and  is  sold  thousands  of  miles  from  where  it  is  grown  at  prices  frequently 
lower  than  those  of  local  fruits. 


In  India,  the  banana  is  one  ol  the  most  important  fruits,  probably  occupying 
more  land  than  any  other  fruit,  except  the  mango.  As  plantations  are  easily 
established,  and  ordinarily  changed  afler  a  few  years,  the  area  varies  more  than 
with  most  fruit  plants.  According  to  the  Report  on  the  Marketing  of  Bananas 
in  India  (Anon.,  1945A),  the  estimated  acreage  was  400,550,  divided  as  follows: 
Madras,  136,455;  Bengal,  129,810;  Bombay,  21,942;  Assam,  19,500;  Bihar, 
11,793;  Travancore,  47,504;  Mysore,  21,030;  and  other  parts,  16,516.  Bihar  now 
has  20,800  acres,  according  to  Roy  (1950  B,  C).  Probably  about  100,000  acres  of  the 
bananas  in  Bengal  are  in  the  part  which  is  now  in  Pakistan,  although  Roy  (1950C)  . 
estimates  about  44,000  acres  in  West  Bengal,  so  the  total  acreage  in  India  may  not 
be  much  more  than  300,000  acres.  Official  figures  are  available  from  1932-33  for 
Madras,  Bombay,  and  Mysore,  which  together  make  up  about  44%  of  the  total 
acreage,  and  indicate  a  slight  increase  in  acreage  since  that  year.  However,  the 
acreage  in  Bombay  had  increased  to  39,060  in  1948,  and  in  1949  the  Government 
was  encouraging  an  increase  of  50,000  acres  in  India.  Most  of  the  country  south 
of  Uttar  Pradesh  and  Rajasthan  is  suited  to  banana  production,  and  even  Uttar 
Pradesh,  according  to  Cliand  (1943)  had  1,860  acres.  Bananas,  mostly  of  an 
inferior  type,  are  grown  in  the  Himalayas  up  to  an  elevation  of  about  5,000  feet. 


As  the  banana  was  commonly  grown  in  southern  Asia  from  India  to  China, 
and  in  the  islands  to  the  south  and  east,  before  the  earliest  written  history,  it  is 
impossible  to  say  with  assurance  just  where  it  originated.  It  is  generally  agreed, 
however,  that  all  of  the  edible  bananas  and  plantains  are  indigenous  to  the  warm, 
moist  regions  of  tropical  Asia.  Very  ancient  Egyptian  and  Assyrian  bas-reliefs  ha\e 
been  taken  as  evidence  of  the  culture  of  the  banana  in  that  region  prior  to  1,000 
B.C.,  but  it  seems  more  probable  that  the  plant  represented  is  the  African  species, 
Musa  ensete,  which  is  inedible.  Had  the  western  world  so  early  known  the  banana, 
the  Greeks  under  Alexander  would  scarcely  have  been  so  impressed  when  they 
found  the  plant  growing  in  the  Indus  valley  in  327  B.C.  1  he  Arabs  seem  to  have 
introduced  the  banana  from  India  into  Palestine  and  Egypt,  perhaps  in  the  seventh 
century  A.D.  It  soon  gained  great  popularity.  Jt  seems  to  have  been  canied 
across  from  Asia  to  the  eastern  coast  of  Africa  at  a  very  early  date,  and  may  have 
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spread  across  the  country,  for  it  was  found  on  the  west  coast  when  Europeans  fn>t 
visited  that  section.  It  was  spread  throughout  the  islands  of  the  Pacific  before 
they  were  known  to  westerners,  and  there  were  several  varieties  growing  in  Hawaii 
when  those  islands  were  discovered  by  Captain  Cook  in  1778.  The  arrival  of  the 
banana  in  tropical  America,  where  it  was  to  spread  so  rapidly  that  many  persons 
a  little  later  thought  it  to  be  native,  and  where  it  was  to  have  its  greatest  commer¬ 
cial  development,  seems  to  have  occurred  in  1516  A.D.  It  was  taken  by  a  pioneer 
missionary,  Friar  Tomas  de  Berlanga,  from  the  Canary  Islands  to  the  island  of 
Santo  Domingo,  and  soon  reached  the  other  islands  of  the  West  Indies,  and  the 
mainland.  #  I**  ^  I  - 


While  bananas  are  grown  throughout  the  tropical  world,  the  greatest  pro¬ 
duction  is  in  the  countries  of  Central  America.  The  industry  there  has  been  de¬ 
veloped  to  supply  the  markets  of  the  United  States,  Canada,  and  Europe.  The 
trade  was  started  slowly  in  the  last  half  of  the  19th  century,  and  in  1899  several 
concerns  were  united  to  form  the  United  Fruit  Company,  which  now  controls  about 
half  of  the  bananas  exported  from  tropical  America.  The  United  Fruit  Company 
claims  to  he  the  biggest  farmer  In  the  world.  It  has  many  large  plantations  of 
its  own,  although  it  buys  from  other  planters  also.  It  operates  a  fleet  of  about  a 
hundred  ships,  all  built  to  carry  bananas,  and  has  done  a  great  deal  to  improve 
the  sanitation  of  the  areas  in  which  it  operates,  as  well  as  to  care  for  the 
health  of  its  own  employees.  The  plantations  are  laid  out  on  a  large  scale, 
and  are  often  established  after  cutting  down  virgin  forests.  Railways,  with 

branches  running  through  the  plantations  at  convenient  distances,  carry  the  fruit  to 
the  ports. 


Ao  estimates  are  available  of  the  acreage  of  bananas  in  many  of  the  coun¬ 
tries  where  it  is  largely  grown.  Statistics  of  the  number  of  bunches  entering  inter- 
national  trade,  prepared  by  the  office  of  Foreign  Agricultural  Relations  in 
Washington,  are  quoted  by  von  Loesecke  ( 1949).  The  average  number  of  bunches 
exported  each  year  in  the  period  1934-38  was:  North  America,  72,231.000-  South 
America,  18,044,000;  Africa,  11,959,000  (including  5,730,000  from  the  Canary 
Islands);  Asia,  0,398,000;  Oceania,  053,000;  total,  109,312,000.  Later  the  num¬ 
ber  diminished  somewhat,  because  of  the  war  and  the  spread  of  disease  in  tropical 
merica.  Jamaica  is  the  largest  producer,  according  to  Barnell  (1940)  with 
Mexico  standing  second.  Simmonds  (1940)  estimates  125  to  159  bunches  per 
acre  per  annum  in  Central  America,  and  500  to  750  in  the  Canary  Islands.  Us  im 

es,  Zw”  rSdeon°™er  ^  N°r'"  ^  S°'"h  “<«  °f  —  for  £ 

re  t  ol  the  world,  one  arrives  at  a  very  rough  estimate  of  the  acrea-e  providing  the 

bananas  of  international  trade,  as  follows;  North  America  508  310  %  ,i  .  8 . 

127,070;  and  the  rest  of  the  world  30  425  T1  •  ’  °’8,10’  Soulh  America, 

As  most  of  the  bananas  grown  iu  lndia  mid  „  T*  3  ,<>ta'  °f  66f'’305  aCres- 
within  the  country  the  total  arc  t  i  °*  lei  countries  are  consumed 

-  and  1.5  million*  acres.  Accord^  T? 

Wales  dunno  len  vearc  .  i  .  ,  ,  '  '*  uie  aiea  m  New  South 

o  >ears  fluctuated  between  15  000  mrt  99  non  „ 

U  «„  Industry,  hut  cannot  very  wel,  compet’e  "uTiTlYZL  ‘  ^ 
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J  he  banana  is  an  herbaceous  plant  reaching  a  height  of  more  than  30  feet 
ln  S°me  CaSCS’  although  its  only  true  stem  is  the  underground  rhizome.  The  pseudo- 
stem  is  formed  of  the  bases  of  the  leaves,  and  from  its  centre  emerges  the  in¬ 
florescence,  which  is  an  elongated  spike..  In  most  varieties  the  spike  bends  over, 
SO  t  lat  tile  bunch  of  fruit  hangs  down.  One  set  of  roots  extends  horizontally  in  the 
top  two  feet  of  the  soil,  while  another  grows  vertically  to  a  depth  of  about 
six  feet.  The  main  roots  are  nearly  uniform  in  thickness,  and  possess  numerous 
small  rootlets,  The  flowers  are  arranged  in  clusters  of  two  spiral  rows  each,  and 
are  of  three  types.  Those  at  the  base  of  the  spike  open  first  and  are  pistilate. 
Towards  the  end  of  the  spike  are  the  neutral  flowers,  with  neither  pistils  nor 
stamens  well  developed,  and  the  staminate  flowers.  In  most  cultivated  bananas 
tne  fruits  are  seedless,  and  pollination  is  not  required. 

Classification 

The  bananas  belong  to  the  genus  Musa  of  the  family  Musaceae.  These 
names  are  said  by  some  to  have  been  given  by  Linnaeus  in  honour  of  An¬ 
tonio  Musa,  physician  to  the  Emperor  Augustus,  and  by  others  to  come  from  the 
Arabic  term,  muz,  applied  to  the  banana  and  plantain.  The  latter  is  probably  the 
correct  explanation.  The  commercial  bananas  were  classified  by  Linnaeus  into  three 
species,  the  dwarf  varieties,  M.  cavendishii,  and  the  tall  ones  M.  sapientum,  whose 
fruits  are  edible  raw,  and  M.  paradisiaca,  whose  fruits  are  cooked.  The  names 
sapientum  and  paradisiaca  are  said  to  refer  to  the  legend  that  the  banana  was  the 
tree  of  the  knowledge  of  good  and  evil  in  the  Biblical  story  of  the  garden  of  Eden. 
Another  explanation  given  is  that  the  wise  men  of  ancient  India  used  to  sit  in  the 
shade  of  the  plant  and  eat  its  fruit. 

There  has  been  much  confusion  about  the  classification  of  the  genus  Musa, 
and  in  recent  years  cytogenetical  studies  have  thrown  much  new  light  on  the  problem. 
Venkataramani  (1950)  has  reviewed  this  work  and  the  conclusions  drawn  from  it. 
It  seems  that  the  Linnean  species  M.  paradisiaca  includes  edible  forms  which  may 
have  been  developed  from  the  wild  species  M.  acuminata.  Another  group  of  varie¬ 
ties  seems  to  have  been  derived  from  the  seedy  M.  balbidiana ,  while  the  old  species 
M.  sapientum  appears)  to  contain  varieties  developed  from  hybrids  of  the  two  wild 
species.  A  fourth  form  of  edible  banana,  not  much  cultivated  and  differing  consid¬ 
erably  from  the  common  bananas,  seems  to  be  a  parthenocarpic  type  of  M.  fehi. 

Chatterjee  and  Randhawa  (1952)  follow  the  eminent  authority,  Cheesman, 
in  using  M.  paradisiaca  for  the  largest  group  of  cultivated  bananas  which  are  edible 
raw,  and  M.  sapientum  for  the  plantain,  although  a  few  varieties  in  this  species  are 
eaten  without  cooking.  They  also  consider  M.  nana  the  correct  name  for  the  dwarf 
banana,  rather  than  M.  cavendishii. 

In  addition  to  the  varieties  with  edible  fruits,  there  are  several  species  of 
Musa  of  some  economic  importance.  The  most  valuable  of  these  is  M.  textilis,  the 
Manila  hemp,  the  basis  of  a  great  industry  in  the  Philippine  Islands.  M.  basjoo  is 


Plantation  of  Basrai  bananas,  a  dwarf  variety  of  importance 

in  India. 
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used  in  Japan  for  the  manufacture  of  course  fabrics,  and  other  species,  including 
the  banana  itself,  yield  fibres  of  less  importance.  Both  the  rhizome  and  the 
pseudo-stem  of  the  African  species  M.  ensete,  which  may  now'  be  placed  in  the  genus 
Ensete,  are  said  to  be  used  as  food. 

The  English  name,  banana,  seems  to  have  come  from  terms  used  in  the  lan¬ 
guages  of  the  Guinea  coast  of  West  Africa,  and  was  probably  made  current  by  the 
Portuguese  navigators  and  explorers.  In  American  usage  the  term  plantain  is  reserved 
for  the  kinds  used  only  when  cooked*  but  in  India  this  rather  useful  distinction  is 
not  commonly  made,  and  the  two  names  are  regarded  as  synonyms.  Cavendish, 
Chinese,  Canary,  and  dwarf  banana  are  some  of  the  names  applied  to  the  varieties 
which  are  usually  not  more  than  about  six  feet  high. 


In  the  confusion  of  the  hundreds  of  named  varieties  of  the  banana,  one  variety 
is  of  outstanding  importance.  This  is  the  Gros  Michel,  also  known  as  the  Jamai¬ 
ca  or  the  Bluefields.  It  was  introduced  into  Jamaica  from  Martinique  by  a  French 
botanist  and  planter,  Pouyat,  in  1836  and  soon  became  very  popular  and  spread 
to  other  sections.  Heavy  production,  superior  shipping  and  marketing  qualities, 
and  excellent  quality  combined  to  make  this  almost  the  sole  variety  in  the  great 
industry  which  developed  in  tropical  America.  It  is  also  grown  in  other  parts  of 
the  world  including  Siam.  Burma,  and  Ceylon,  and  is  said  to  be  identical  with  a 
popular  variety  in  Malaya  and  the  Dutch  East  Indies.  Jacob  (1948)  states  that  it 
has  been  introduced  into  Coimbatore  and  thrives  under  a  wide  range  of  conditions. 
It  is  a  tall  tree  with  long,  comparatively  slender,  yellow  fruit.  The  crop  of  this 
one  variety  has  been  estimated  to  have  a  value  of  about  $40,000,000  a  year. 

The  Cavendish  bananas  are  also  of  great  importance,  being  the  principal 
lype  grown  in  the  Canary  and  Hawaiian  Islands,  and  in  a  number  of  other  countries 
including  India  It  has  a  distinct  advantage  over  the  taller  type  in  areas  where’ 
damage  by  wind  is  an  important  factor. 


,i9:inA'r',ll:rr,:uraber  of, varieiies  °f  ,he  ba,,ana  are 

clas  fi  ,t  .T  ar°  ah0Ul  400  Variet>'  "antes  "sed  in  South  India,  hut  he 

Ihe  acreage  in  the  area  under  each:  Madras:  Poovan  (Chakrakeli)6  S^c^'N^'d 
10%;  Monthan,  9%;  Vannan,  Kunnan,  and  allied  varieties  6<T  h  it  \  ' 

Naik  ,l949>  )0,3%;  Si 

in  Dacca  where  it’ is  chicflVpown)’,  3S%^*  iL^S^^Tpa  (“ 

Khasadia;  Assam:  Champa  (Chinichampa)  50^  l*  Mu,theh’  Govekari» 

taman,  Jahaji,  Dig  Joa;  Bihar:  Anpan  34<?  -  n  ’  (Malbhog)?  Mor- 

11%:  others,  19%;  Orissa:  Kabuli,  Haridml,  Mauritius,  Chanda,  Ma^aWK^thiaj 
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Madhya  Pradesh:  Basra!  (Bhusawal),  80%;  Sonkela,  20%;  Coorg,  Marabale,  70%; 
Karibale,  13%,  Hool)ale,  10%;  others,  5%;  Mysore:  Rasabale  and  Saleinbale  on 
plains,  V atabale  and  Marabale  in  hills;  Travancore:  Palankodan,  45%;  Yethen, 
27%;  Kannan,  7%;  Padatti,  9%;  Poovan,  6%;  others,  6%;  Cochin:  Nendran’ 
41%;  Palankodan,  33%;  Poovan,  Vannan,  Kunnan,  and  Monthan,  21%;  Hyder¬ 
abad:  Soni  (yellow),  50%;  Basrai  (green),  49%;  Bassein  (red),  1%;  Baroda: 
Sonari,  45%;  Basrai,  40%. 


It  should  be  remembered  that  these  names  may  not  mean  the  same  variety 
in  different  areas,  and  even  in  one  area,  other  names  may  be  used.  For  instance 
Jacob  (1912A)  gives  an  entirely  different  set  of  names  for  Mysore,  including  as  most 
important,  -Kali,  Boothi  Bale,  Poovan,  and  Rasthali.  He  says  that  the  Chakkarakeli 
or  Raja  Bale  is  undoubtedly  the  best  banana  in  the  world,  but  has  very  poor  keep¬ 
ing  quality.  Naik  (1949)  gives  short  descriptions  of  17  table  varieties  or  groups  and 
7  culinary  varieties  or  groups  grown  in  Madras,  where  it  .is!  estimated  that  the  four 
chief  culinary  varieties  occupy  about  40,000  acres.  Venkataramani  (1946)  lias 
described  24  culinary  or  dual  purpose  varieties  in  Madras.  Gammie  and  Patwardhan 
(1929)  describe  11  varieties  in  Bombay,  of  which  2  are  culinary.  Dhareshwar 
(1912)  states  that  75%  of  the  acreage  in  Bombay  is  in  Khandesh  district,  where 
the  Basrai  is  the  only  variety  grown  commercially.  There  seems  to  be  some  confusion 
in  the  use  of  this  name,  however,  some  using  it  for  a  greenish  yellow  variety,  and 
some  for  a  yellow  one.  Jacob  (1942  B)  describes  25  standardized  varieties  grown 
in  Travancore,  with  78  local  names.  He  says  that  the  Poovan  is  the  same  as  the  Lai 
Velchi  of  Bombay.  A  similar  situation  exists  in  Ceylon,  where  Chandaratna  and 
Nanayakkara  (1951)  describe  varieties  bearing  more -than  a  hundred  names  as  29 
varieties,  some  of  which  had  been  imported  from  India 


The  importance  of  the  Basrai  variety  is  also  emphasized  by  Gandhi  (1952), 
who  states  that  of  the  42,300  acres  of  bananas  in  Bombay,  70%  are  of  this  variety 
which  will  stand  more  hot,  dry  weather  than  other  varieties  and  has  become  the  most 
important  variety  in  most  tropical  areas.  He  describes  this  and  six  other  varieties, 

the  others  all  being  tall. 

Although  there  are  already  so  many  excellent  varieties,  attempts  to  breed  new 
ones  are  going  on  in  different  places,  notably  at  the  Imperial  College  of  Tropreal 
Agriculture,  the  work  there  from  1922  to  19-16  being  reviewed  by  Cheesman  (19-19). 
In' the  section  of  the  genus,  Eumusa,  to  which  the  edible  bananas  belong,  the  lasic 
chromosome  number  is  1 1.  The  fertile  species  are  diploids,  but  most  ol  the  e<  ib  e 
bananas  are  triploids,  a  few  being  diploids.  The  most  promising  crosses  are  tetra- 
ploids  resulting  from  crossing  diploids  and  triploids.  In  tropical  America  the  Gros 
Michel  is  considered  almost  ideal  except  for  its  susceptibility  to  will  (Panama 
disease)  and  leafspot,  so  it  is  being  used  as  one  parent.  A  search  is  being  made  o. 

suitable  diploid  parent,  but  as  the  most  likely  place  for  the  search  is  le 
a  suitable  cliplom  ,  ,  progress  has  been  made  since  this 

where  Burma,  Siam,  and  Indo-Lhina  meet,  mtie  biecdin-  work 
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(1949)  has  pointed  out  that  one  of  the  species  probably  involved  in  the  ancestry 
of  the  cultivated  bananas.  M.  balbisiam,  occurs  in  South  India,  while  the  o  ner, 
M.  acuminata ,  has  been  reported  from  Assam. 


The  banana  is  grown  from  the  southern  tip  of  India  to  an  elevation  of  several 
thousand  feet  in  the  Himalayas,  and  is  thus  subject  to  a  wide  range  of  climatic  con¬ 
ditions.  Some  of  the  varieties  will  stand  several  degrees  of  frost  without  serious 
damage.  The  most  suitable  climate,  however,  is  one  with  warm,  moist  weather 
throughout  the  year,  without  strong  winds.  Such  ideal  conditions  are  hard  to  find. 
Hurricanes  are  one  of  the  major  risks  in  banana  growing  in  Central  America,  severe 
storms  sometimes  breaking  down  every  tree  in  a  plantation.  In  India  the  most  satis¬ 
factory  conditions  are  found  along  the  coast  in  Bengal,  Madras,  and  Bombay. 
Three  factors  operate  against  the  extension  of  the  industry  in  northern  India,  a  long 
dry  season,  making  much  irrigation  necessary;  cool  winters,  causing  damage  to  some 
varieties;  and  hot  winds  in  the  summer  which  shred  and  dry  out  the  leaves. 


The  physical  condition  of  the  soil  does  not  seem  to  be  very  important,  pro¬ 
vided  it  is  deep  and  well  drained.  Naik  (1949)  says  that  three  feet  of  rich,  uniform 
soil  is  sufficient,  and  that  even  wet  rice  land  is  suitable  if  drainage  is  provided. 
Fertility  is  important,  as  the  banana  is  a  gross  feeder.  In  tropical  America,  planta¬ 
tions  are  generally  made  on  virgin  forest  soil,  with  its  accumulation  of  humus,  and 
under  such  conditions  bananas  can  be  grown  for  many  years  without  manuring.  In 
countries  where  such  rich  soil  is  not  available,  it  is  considered  good  practice  to  re¬ 
move  a  plantation  after  nof  more  than  10  or  15  years,  and  use  the  soil  for  some  less 
exacting  crop. 


Culture 


As  most  commercial  varieties  do  not  produce  viable  seeds,  propagation  is  in¬ 
variably  by  vegetative  means,  except  in  experimental  breeding.  Selection  of  out¬ 
standing  stools  for  propagation  has  been  advocated  (Anon.  1941  B)  and  it  has  been 
suggested  that  in  the  case  of  the  Cavendish  banana,  selection  should  be  for  the  more 
open  bunches.  The  most  common  form  of  vegetative  propagation  in  this  country  is 
the  use  of  suckers.  These  arise  in  large  numbers  from  the  parent  rhizome,  and  are 
of  two  types.  ‘Sword  suckers’,  with  long  narrow  leaves  are  considered  superior  to 
the  broad-leaved  ‘water  suckers’.  Nair  and  Sundararaj  (1950)  found  that  water* 
suckers  are  produced  only  when  the  rhizome  is  diseased  or  injured  or  other  condi¬ 
tions  are  unfavourable.  This  seems  to  justify  the  common  preference  for  sword  suck- 
ers.  buckets  can  be  removed  and  planted  at  almost  any  stage,  but  grow  best  when 
they  are  about  lour  or  five  feet  tall.  All  expanded  leaves  should  be  cut  back  when 

ImtThe  S  k  re  W  /r0m  ‘he  pareW  P'ant’  and  some  authorities  recommend 
of  the  rh  “fmTto  drymu  ^  ^  “>  ■»<*"  «*  surface 

In  ,Ce"lral  ,America  and  the  West  Indies,  the  more  common  form  of  prone- 
ga„on  ts  by  the  plan, mg  of  ‘bits’,  or  sections  of  rhizome.  This  method  is‘  2e 
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convenient  in  large-scale  operations,  particularly  where  the  forest  has  been  only 
partially  cleared,  and  some  of  the  felled  trees  are  still  lying  on  the  ground,  as  is 
frequently  the  case  in  that  section.  The  bits  must  contain  at  least  one  bud  and 
better  results  are  obtained  by  using  bits  of  at  least  eight  pounds  weight.  ‘Heads’ 
or  ‘heart  suckers  are  obtained  by  cutting  back  a  sucker,  or  an  old  stem,  within 
a  lew  inches  of  the  ground,  removing  enough  of  the  central  bud  to  prevent  it 
from  growing,  and  removing  all  but  two  or  three  of  the  other  buds  on  the  rhizome, 
which  is  then  planted  whole.  This  gives  good  results,  but  is  an  expensive  method 
and  is  not  commonly  used. 

I  he  United  fruit  Company  conducted  experiments  comparing  the  different 
methods  of  propagation,  and  came  to  the  conclusion  that  while  heads  bore  fruit 
sooner,  and  sword  suckers  bore  somewhat  larger  bunches,  satisfactory  results  could 
be  secured  by  any  method.  Small  bits,  however,  resulted  in  poor  germination  and 
weak  growth  and  should  not  be  used. 


Great  differences  exist  in  the  distances  at  which  bananas  are  planted.  In 
Central  America  they  are  planted  as  much  as  24  feet  apart,  but  in  India  such  a 
great  distance  is  never  used,  and  is  probably  undesirable.  Barrett  (1928)  recom¬ 
mends  that  the  dwarf  varieties  be  placed  eight  or  ten  feet  apart,  and  the  tall  ones 
14  to  20  feet.  Pope  (1926)  suggests  planting  dwarf  varieties  from  6  to  10  feet  apart, 
and  large  ones  at  least  14  feet  each  way.  In  India  bananas  are  frequently  planted 
very  close  together.  Kulkarni  (1918)  states  that  in  East  Khandesh  two  plants 
are  frequently  planted  togelher  at  intervals  of  six  feet,  which  allows  about  2,400 
plants  per  acre.  Dhareshwar  (1942)  also  mentions  planting  two  plants  together 
with  the  pits  4£  to  6£  feet  apart,  but  prefers  single  plants  3£  to  4>k  feet  apart. 

Bhat  (1942)  says  that  in  Baroda  the  distance  between  plants  is  4  or  5  feet,  which 

would  mean  more  than  1,700  plants  per  acre.  But  Gadgil  and  Gadgil  (1933)  state 
that  because  of  the  larger  bunches  produced,  the  production  is  greater  in  Pallia, 
with  750  plants  per  acre  than  in  Junnar  Taluka  with  1,000.  Even  750  plants  per 

acre  means  a  distance  of  less  than  eight  feet  between  plants.  Jacob  (1939)  states 

that  7  to  8  feet  is  common  in  Madras,  and  Naik  (1949)  agrees,  but  adds  that  the 
Mauritius  variety  is  planted  5  to  7  feet  apart,  and  some  of  the  larger  types  as  much 
as  10  feet.  Close  planting  is  common  in  other  sections;  for  instance,  Rao  (1947) 
says  that  5  to  6  feet  is  the  ordinary  spacing  in  Amraoti  district  of  Madhya  Pradesh. 
Roy  (1950  C)  states  that  about  10  feet  is  allowed  in  Bihar.  It  seems  probable  that 
the  distance  should  be  at  least  10  feet;  Firminger's  Manual  recommends  12. 
Gandhi  (1950)  recommends  planting  the  Basrai  variety  6  feet  apart,  although  as 
small  a  distance  as  H  feet  is  used  in  Bombay.  For  the  larger  types  he  favours  up 
to  10  feet.  He  says  that  June  is  ordinarily  the  most  suitagle  time  for  planting  m 
that  slate  In  planting  suckers  he  favours  holes  H  feet  deep  but  states  that 
dormant  'rhizomes  should  not  be  planted  more  than  4  inches  deep. 

It  is  a  common  practice  to  plant  the  suckers  in  the  bottom  of  a  ditch,  m  order 
to  facilitate  irrigation.  This  is  probably  less  desirable  than  planting  in  a  we  • 
prepared  level  field.  The  suckers  should  be  so  planted  that  the  rh.zome  ts  ent.rely 
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covered  Pillay  (1910)  stales  that  in  Travancore  it  was  customary  to  burn  dried 
leaves  in  the  holes,  in  order  to  discourage  termites,  and  to  leave  the  ashes  as janu^ 
He  also  recommends  immediate  manuring  with  fresh  cow-dung,  which  would  seem 
to  make  up  to  the  termites  for  the  previous  unfriendly  treatment.  Venkitasubban 
(1948)  states  that  in  Cochin  pits  are  dug  3  feet  square  and  2  feet  deep,  the  suckers 
are  planted  in  the  bottom,  and  then  about  10  lbs.  of  ash  is  placed  in  each  hole, 
which  is  then  filled  with  green  leaves  and  covered  with  soil.  Naik  (1949)  states 
that  in  Madras  it  is  common  to  plant  in  holes  1  ft.  cube,  and  that  on  the  west  coast 
a  handful  of  ash  is  added  to  each.  He  states,  however,  that  in  Trichinopoly  the  field 
is  dug  and  the  suckers  are  set  down  and  earth  is  piled  around  them.  Jacob  (1939) 
advises  that  the  suckers  be  removed  4  or  5  days  in  advance  and  piled  in  the  shade, 
and  that  at  the  time  of  planting  the  pseudostem  be  cut  off  one  foot  above  the  rhizome. 
If  the  soil  is  not  rich^  some  manuring  at  the  time  of  planting  is  desirable.  It  may, 
under  certain  circumstances,  be  desirable  to  have  all  bunches  of  fruit  hanging  on 
one  side  of  the  trees,  and  as  Dani  (1920)  has  pointed  out,  this  can  be  accomplished, 
as  far  as  the  first  crop  is  concerned,  by  planting  suckers  with  cut  sides  all  in  one 
direction.  Roots  do  not  come  out  from  the  cut  surface,  and  poorer  anchorage  on 
that  side  allows  the  tree  to  slant  slightly  in  the  opposite  direction. 


The  time  of  planting  naturally  varies  in  different  parts  of  the  country.  Jacob 
(1939)  says  that  in  Madras  they  may  be  planted  any  time  except  between  mid- 
November  and  mid-February.  Naik  (1949)  agrees  but  says  that  varieties  like  Poovan, 
which  take  a  long  time  to  produce  a  crop,  may  well  be  planted  in  winter,  and  that 
the  Nendran  in  Travancore  is  planted  in  December.  Venkitasubban  (1948),  however, 
says  that  in  Kerala  this  variety  is  usually  planted  in  September  or  October,  so  that 
the  crop  will  be  ready  at  the  time  of  the  Onam  festival,  ten  months  later,  when  it 
is  in  great  demand.  S.  S.  S.  V.  Rao  (1947)  says  that  in  Madhya  Pradesh  bananas 
are  planted  in  June  and  July,  and  through  northern  India  the  rainy  season  is  prob¬ 
ably  the  most  suitable,  although  early  winter  is  also  satisfactory.  Roy  (1950C)  says 
that  July  and  August  are  most  suitable  in  Bihar  but  that  they  may  be  planted  up 
to  December. 


If  it  is  not  actually  raining  at  the  time,  they  should  be  immediately  irrigated. 
Thereafter,  irrigation  should  be  frequent  enough  to  prevent  the  soil  from  becoming 
dry,  and  as  the'large  leaves  transpire  a  tremendous  amount  of  water,  comparatively 
frequent  and  heavy  irrigations  are  heeded.  When  the  plants  are  in  trenches  they  are 
easily  irrigated,  bud  unless  the  trenches  are.  very  wide,  the  soil  between  the  rows  is 
likely  to  dry  out.  It  is  probably  better  to  irrigate  in  furrows,  or  by  flooding.  Naik 
(1949)  suggests  irrigating  every  5  to  10  days  in  dry  weather,  by  flooding  the  beds 
which  soon  come  to  cover  the  entire  area.  There  seems  to  be  no  justification  for  the 
practice  reported  by  Venkitasubban  (1948)  of  irrigating  every  alternate  day  from 
February  to  June.  Roy  (1950  C)  recommends  irrigating  in  basins  three  times  a  month 
from  December  to  June  in  Bihar.  Graham  (1917)  states  that  around  Nagpur  it  was 
customary  ,o  flood  the  orchards  once  a  week  or  oftener,  and  to  cultivate  with  a 
"  after  each  second  irrigation.  He  found,  however,  that  it  was  much  more 
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economical  to  make  channels  a  foot  deep  and  a  foot  wide  at  the  bottom,  with  slop- 
mg  sides,  midway  between  the  rows,  and  to  Hood  these  nine  inches  deep  once  in 
0  days.  As  the  surface  soil  was  iiot  wet,  no  cultivation  was  necessary  in  dry 
weather,  and  in  the  rains  the  ditches  served  as  drains.  When  bananas  are  planted  on 
wet  lands,  Naik  (1949)  recommends  drainage  trenches  9  to  24  inches  deep  after 
every  2,  4,  or  6  rows,  preferably-  across  the  slope. 


1  m  conditions  such  as  those  at  Poona,  Gandhi  (1952)  recommends  irriga¬ 
tion  at  intervals  ot  10  to  15  days  from  October  to  tebruary,  and  at  intervals  of 
6  to  8  days  from  March  to  May,  with  occasional  watering  during  breaks  in  the  rains. 
In  a  period  of  18  months  from  planting,  there  would  thus  be  40  to  45  irrigations. 


Except  on  very  rich  soil,  manuring  is  very  important.  It  seems  to  be  generally 
accepted  that  farmyard  manure  is  the  best,  and  that  the  provision  of  nitrogen  and 
humus  is  often  all  that  is  needed.  On  the  other  hand,  Macmillan  (1936)  also  rec¬ 
ommends  4  mixture  ol  sulphate  of  potash,  sulphate  of  ammonia,  and  superphos¬ 
phate  in  the  proportion  of  1,  1,  and  2.  This  seems  queer  in  the  light  of  the  work 
of  Baillon  and  others  (1933),  who  found  that  the  banana  plant  absorbed  a  moder¬ 
ate  amount  of  nitrogen,  little  phosphorus,  and  a  very  large  amount  of  potash,  yet 
with  this  use  accounting  for  only  10%  of  the  potash  lost  from  the  soil.  Similar 
results  have  been  reported  by  Norris  and  Avvar  (1925).  This  would  seem  to  indi¬ 
cate  that  while  large  applications  of  potash  might  be  needed  in  some  cases,  there 
would  be  little  necessity  for  applying  phosphate.  Bowman  and  Eastwood  (1940) 
report  that  in  Jamaica  the  application  of  phosphorus  had  no  noticeable  effect,  while 
3  pounds  of  potassium  per  stool  produced  a  2%  increase  in  yield  over  a  five-year 
period,  and  2  ounces  of  nitrate  of  soda  per  stool  increased  production  30%.  In  the 
Philippines,  the  best  results  were  said  to  be  secured  with  14.4  ounces  of  nitrate  of 
soda  and  3.5  ounces  of  sulphate  of  potash  per  plant  each  year.  In  an  experiment 
on  the  north  coast  of  Australia,  all  plots  received  1£  pounds  of  bone  dust  per  stool, 
and  the  application  of  potassium  made  no  significant  difference,  while  nitrate  of 
soda  largely  increased  the  yield.  In  India  nitrogenous  fertilizers,  mainly  farmyard 
manure,  seem  to  be  the  only  ones  frequently  used,  and  this  is  probably  a  wise  piac- 
tice.  Naik  (1949)  says  that  in  Madras  the  emphasis  is  rightly  on  nitrogen,  although 
manurial  practice  varies  greatly.  Although  Madras  soils  are  generally  well  supplied 
with  potassium,  applications  of  it  seem  to  increase  the  yield,  without  affecting  quality. 
S.  S.  S.  V.  Kao  (1947)  states  that  in  one  section  of  Madhya  Pradesh  sunn-hemp  is 
planted  in  the  spring,  after  a  fairly  heavy  application  of  farmyard  manure,  and 
ploughed  under  when  about  2  feet  high.  Part  of  the  manure  may  be  reserved  and 
put  in  the  holes  at  the  time  of  planting.  Rao  (1950  C)  recommends  40  lbs.  of 
cow  dung,  20  lbs.  of  wood  ash  and  20  lbs;  of  compost  or  2  lbs.  of  castor  cake  per 
plant  in  the  pit  at  the  time  of  planting  and  again  each  July  and  February.  In  young 
orchards  also  a  green  manure  crop  may  be  grown,  but  within  a  few  months  the 
bananas  shade  the  soil  almost  completely,  and  it  is  difficult  to  get  any  crop  to  grow. 

Experiments  at  the  Ganeshkhind  garden,  Poona,  from  1933  to  1947,  indicate 
a  need  for  .4  lb.  of  nitrogen  per  plant  each  year,  according  to  Gandhi  (1952) .  He 
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......  ...  in  iks  0f  farmyard  manure  (containing  .2  lb.  of  nitrogen) 

Tto'Z  IT Ptaing;  and  51b,  of  castor  cake  spread  -er^second,  third,  and 
fourth  months.  The  use  of  potassium  sulphate  was  not  found  helpful. 

Vegetables  or  other  crops  are  sometimes  grown  between  the  bananas,  but 
unless  the  latter  are  planted  at  greater  distances  than  is  common,  there  is  no  room 
for  these  after  the  first  year.  For  the  same  reason,  cultivation  soon  becomes  relative¬ 
ly  unimportant.  It  is  desirable  that  the  land  be  well  worked  before  planting,  in 
order  to  reduce  the  number  of  weeds,  and  to  eradicate  perennial  weeds  as  tar  as 
possible.  This  cultivation  should  be  continued  while  the  plants  are  small,  but  alter 
the  first  year  the  ground  is  so  shaded  that  weeds  are  not  very  bothersome,  and 
ploughing  and  cultivation  once  or  twice  a  .year  is  likely  to  be  sufficient.  Macmillan 
(1936)  recommends  that  from  time  to  time  surface  soil  and  any  mulch  o  eat 
leaves  which  may  be  present  be  pulled  up  around  the  clump.  While  plantations  are 
ordinarily  kept  for  a  number  of  years,  and  may  be  given  very  little  attention  after 
they  are  established,  Jacob  (1942  B)  states  that  the  Nendran  variety  in  Travancore 
is  grown  as  an  annual,  and  is  the  only  variety  which  receives  irrigation  and  inten¬ 
sive  cultivation. 


Numerous  suckers  are  produced  on  each  plant,  and  if  all  are  allowed  to  re¬ 
main,  most  of  the  available  food  material  will  be  used  in  vegetative  growth,  with  the 
result  that  the  crop  will  be  very  small.  In  a  few  years  the  orchard  will  be  a  dense 
mass  of  stems,  exhausting  the  soil  and  producing  almost  nothing.  The  removal 
of  a  large  number  of  the  suckers  is  therefore  essential.  Considerable  judgment  is  re¬ 
quired  in  determining  how  many,  and  which,  suckers  to  remove.  In  fact  Barrett 
(1928)  says,  “Banana  pruning  is  one  of  the  most  difficult  tasks  of  tropical  agricul¬ 
ture”.  Ordinarily  from  two  to  five  stalks  are  left  on  a  clump  at  one  time,  and  within 
limits,  the  fewer  the  stalks,  the  larger  the  bunch  will  be  on  each  one..  Some  growers 
remove  all  suckers  except  one  until  it  flowers,  and  then  allow  another  to  come 
along  to  take  its  place.  A  better  rule  is  probably  to  have  one  stem  half  grown  and 
another  starting  at  the  time  one  bunch  is  harvested.  Jacob  (1939)  recommends 
severe  pruning  to  allow  only  4  bunches  in  the  first  3  years,  but  allowing  3  or  4  suck¬ 
ers  to  grow  in  the  4th  year,  in  order  to  produce  more  leaves^  which  have  a  ready 
market  in  South  India.  In  removing  the  unwanted  suckers,  care  should  be  taken  to 
cut  them  off  from  the  parent  rhizome  completely,  so  that  they  will  not  resume  growth, 
but  with  a  minimum  of  damage  to  the  roots  of  the  clump.  J.  H.  Mitchell  (1950) 
stales  that  in  Queensland  the  approved  method  of  desuckering  is  to  cut  off  the  suck¬ 
er  a  few  inches  above  the  ground,  gouge  out  a  small  part  of  the  central  section  and 
pour  in  about  1|3  of  a  teaspoonful  of  kerosene.  Suckers  are  produced  throughout 
the  year,  so  it  is  necessary  to  repeat  the  operation  at  frequent  intervals,  in  order  to 
remove  the  suckers  before  they  have  used  up  much  food  material. 

It  is  frequently  necessary  to  prop  the  pseudostems  to  keep  them  from  falling 
over  in  strong  winds,  even  though  windbreaks  be  used.  Commonly  crossed  stout 
bamboos  are  used  but  in  Cochin  a  single  bamboo  stake  is  preferred.  In  South  India 
bananas  are  often  mterplanted  with  areca  or  coconut  palms  or  mango,  jackfruit, 
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coffee,  mandarin  or  other  trees.  This  also  tends  to  protect  them  from  the  wind,  a, 
'veil  as  giving  them  some  shade. 

As  soon  as  the  pistillate  flowers  have  set  fruit,  the  remainder  of  the  inflores- 
cence,  known  as  the  heart,  should  be  removed. 


Insect  Pests  and  Diseases 

Insect  pests  of  the  banana  seem  to  be  remarkably  rare.  Venkitasubbaiv 
(1948)  refers  to  a  weevil,  Cosmopolites  sordidus ,  the  grubs  of  which  do  some 
damage,  so  that  in  planting,  all  suckers  which  are  infested  should  be  discarded. 
Lai  (1950)  also  mentions  the  grubs  of  a  weevil,  Odoiporus  longicollis,  said  to  riddle 
banana  stems  in  Uttar  Pradesh.  He  recommends  burning  the  plants  which  have 
been  attacked.  Brahmachari .  (1938)  reports  appreciable  damage  caused  by  a  bag- 
worm,  which  eats  holes  in  the  leaves,  in  Madras.  Rahman  and  Ansari  (1941) 
report  the  occurrence  ol  three  types  of  scale  insects  on  the  banana:  Aonidiella 
auruntii,  A.  orientalis,  and  Aspidiotus  destructor.  Naik  (1949)  states  that  in 
Madras,  nematodes  cause  ‘very  casual’  damage. 

The  weevil,  Cosmopolites  sordidus,  is  said  by  Roy  and  Sharma  (1952)  to 
be  one  of  the  most  important  dangers  to  bananas  in  Bihar.  They  suggest  the  use 
of  baits  containing  Paris  green  as  well  as  good  sanitation.  They  also  mention  a 
Chrysomelid  beetle  which  attacks  the  leaves  and  may  be  controlled  by  spraying  with 
pyrethrum  followed  by  DDT,  and  the  banana  thrips,  Scirtothrips  signipennis,  against 
which  the  suckers  may  be  dipped  in  nicotine  sulphate  solution,  and  the  bunches 
may  be  dusted  with  nicotine  sulphate  or  Gammexane.  Fruit  spotting  bugs,  Penduli- 
nus  fuscescens  may  be  controlled  by  bagging  or  with  pyrethrum  or  Gammexane. 
They  also  mention  a  fruit-boring  caterpillar,  Heteromicta  latre ,  fruit  eating  cater¬ 
pillars,  and  fruit  flies.  The  root  knot  nematode  is  also  said  to  be  increasingly 
serious. 

The  banana  is  subject  to  a  number  of  diseases,  but  fortunately  these  are  not 
as  serious  in  India  as  in  some  other  countries.  By  far  the  most  important  of  these 
is  the  dread  ‘Panama  disease’  or  banana  wilt,  which  occurs  widely  in  Central  Amer¬ 
ica  and  the  West  Indies,  and  has  been  largely  responsible  for  abandoning  banana 
cultivation  on  thousands  of  acres.  This  disease  was  first  noticed  in  Puerto  Rico 
in  1903,  and  the  causal  organism,  Fusarium  cubense  ( F .  oxysporum  cubense),  was 
described  in  1910.  It  is  said  by  Jacob  (1934)  to  be  prevalent  on  the  Rasthali  variety 
in  parts  of  Trichinopoly  district,  and  Bhat  (1942)  reports  it  in  baroda,  where  for¬ 
tunately  the  important  Basrai  variety  is  immune.  It  has  also  been  reported  from  a 
small  area  near  Poona.  Roy  (1950  C)  states  that  the  acreage  of  two  important  varieties 
in  north  Bihar,  Alpan  (Chinia  Champa)  and  Malbhog  is  decreasing  because  of  this 
disease  and  root  rot.  With  good  drainage  and  the  selection  of  healthy  suckers 
for  planting,  it'  should  be  possible  to  avoid  serious  damage  in  India.  A  similar  dis¬ 
ease  occurring  in  Bengal  was  reported  by  Basil  (1911).  Another  Fusarium  rot  of  the 
leaves,  pseudo-stem,  and  sometimes  the  fruit  bunch,  but  differing  fiom  Panama  L 
ease  in  being  slow  and  not  always  fatal,  has  been  described  by  Dastur  (1915). 
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A  rot  of  the  ripe  fruit,  anthracnose,  has  also  been  reported  by  Dastur  (1916), 
as  being  caused  by  the  fungus  Gloeosporium  musarum.  It  occurs  in  Madras,  and  is, 
according  to  von  Loesecke  (1949),  universal.  Infection  takes  place  when  the  fruit 
is  young  and  green,  but  ordinarily  no  damage  is  evident  until  the  fruit  ripens.  Jam 
(1950).  however,  points  out  that  sometimes  severe  damage  is  caused  in  the  field,  espe¬ 
cially  with  close  planting  and  poor  orchard  sanitation.  It  can  be  controlled  by  spray¬ 
ing  with  Burgundy  or  Bordeaux  mixture  as  the  hands  open,  and  once  a  month  foi 
a  total  of  not  more  than  four  applications.  Careful  handling  of  the  mature  fruit 
is  also  necessary  to  avoid  injury  which  might  allow  the  fungus  to  enter,  and  this  is 
frequently  all  that  is  required  to  control  the  disease. 

Banana  diseases  in  the  Punjab  were  investigated  by  Chona  (1933),  who 
found  several  fungi  associated  with  them.  In  three  cases  it  seems  that,  apparently 
identical  diseases  can  be  produced  by  either  of  two  organisms,  species  of  Gloeo¬ 
sporium  and  of  Botryodiplodia.  One  of  these  diseases  is  known  as  pseudo-stem  rot,  and 
is  a  very  serious  matter  in  many*young  plantations.  The  pseudo-stem  of  the  newly 
planted  suckers  turns  black  and  decays,  and  the  plant  dies,  fortunately  control 
is  not  difficult.  It  is  only  necessary  to  remove  the  pseudo-stem  before  planting, 
and  dip  the  rhizome  in  some  disinfectant  before  planting  it.  Dipping  in  a  2 c/c 
solution  of  copper  sulphate  for  ten  minutes  has  been  found  very  satisfactory. 

Another  disease  caused  by  these  two  fungi  is  known  as  the  main  stalk  rot. 
The  disease  appears  as  a  black  spot  on  the  upper  surface  of  the  fruit  stalk  near  the 
point  of  maximum  curvature.  The  affected  tissue  shrinks  and  dries.  The  disease 
spreads  towards  the  bunch,  and  in  severe  cases  causes  a  rot  of  the  ripening  fruit.  In 
milder  cases  only  the  upper  hands,  or  none  at  all  are  affected.  The  rot  also  frequently 
extends  back  as  far  as  the  pseudo-stem,  and  occasionally  follows  down  inside  it, 
with  the  result  that  the  plant  is  weakened,  and  may  fall  over  in  a  mild  wind.  Spray¬ 
ing  with  Bordeaux  mixture  once  a  fortnight  when  the  fruit  is  young  is  said  to  give 
satisfactory  control.  Gandhi  (1952)  says  that  the  stalks  are  not  attacked  unless  they 
have  been  sunburned.  He  recommends  keeping  the  bunch  and  the  stalk  covered 
with  leaves  to  avoid  sunburn. 


The  same  combination  is  responsible  for  a  very  serious  disease  in  storage, 
called  stem-end  rot.  This  starts  at  the  cut  end  of  the  stem  but  spreads  to  the  fin’ 
gers  and  frequently  causes  the  complete  loss  of  the  bunch,  during  the  summer  The 
trouble  can  be  largely  avoided  by  having  the  storage  or  ripening  room  at  a  low 
temperature,  or  by  avoiding  having  the  fruits  ripen  in  the  summer,  if  control  of  the 

ilZl^'TOOF  n°'  frSiWr '  Very  nt"e  damage  k  done  as  lo,,S  as  lhe  temperature 
below  70  1-.,  and  no  fingers  were  damaged  in  one  experiment  where  the  bunch 

was  kept  for  ten  days  a,  86°.  Damage  increases  very  rapidly  up  to  95°  It  was 

noticed  that  even  when  no  disease  was  present,  fruit  ripened  at  .95°  or  above 

blemished  very  rapidly  af.ef  being  removed  from  the  ripening  room.  The  damage 

caused  by  Botryodiplodia  was  slightly  worse  than  that  caused  by  Gloeosporium  The 

v^nel  wfihge  “"I116  'T'y  deC?aSed  by  the  CUl  end  of  •>*  with 

vaseline  or  with  a  mixture  of  wax  and  vaseline,  and  wrapping  it  with  sterile 


grease- 
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proof  paper.  Naik  (1949)  mentions  storage  rots  caused  by  species  of  Gloeosporium 
and  Diplodia ,  which  sometimes  cause  a  fairly  heavy  loss.  He  recommends  careful 
handling  to  a\oid  any  mechanical  injury,  and  well-ventilated  storage, 

A  species  ot  Botryodiplodia  is  also  responsible  for  black-tip  or  finger-tip, 
which  is  especially  severe  in  the  rainy  season,  in  some  plantations  affecting  as  much 
as  20%  of  the  fruit.  The  tipsvof  the  immature  fruit  turn  black,  and  the  rest  of  the 
fruit  turns  yellow  prematurely,  and  then  black.  The  pulp  becomes  soft  and  watery. 
The  fungus  grows  most  rapidly  under  moist  conditions  at  a  temperature  of  about 
95  F.  No  method  of  control  has  been  suggested. 

Two  other  diseases  were  noticed  in  the  Punjab,  hut  were  not  studied.  One 
is  a  leaf  spot,  found  mostly  on  Cavendish  bananas.  Light  brown  spots  with  a  bright 
yellow  margin  appear  on  the  edge  of  the  half  of  the  leaf  which  was  on  the  outside 
before  the  leaf  unrolled.  These  spread  and  destroy  the  leaf.  The  other  trouble  was 
a  peculiar  curvature  of  the  midrib. 


Bunchy  top,  a  virus  disease,  occurs  in  different  parts  of  the  world,  and  is 
serious  in  Travancore,  where  it  has  been  reported  by  Nair  (1944),  Varghese  (1945), 
and  Zachariah  (1945).  According  to  Varghese,  it  had  occurred  in  Assam,  Orissa,  and 
other  parts  of  India  befor^  it  appeared  in  Travancore,  about  1941.  It  is  said  to 
attack  all  varieties  there,  at  all  stages  of  their  growth.*  Control  is  possible  by 
removing' and  burying  all  infected  plants,  but  attempts  to  eradicate  it  in  Travancore, 
while  at  first  promising,  have  not  succeeded.  According  to  Naik  (1949)  it  has 
also  occurred  on  scattered  plantations  in  Madras.  It  is  spread  by  an  aphid. 
Pentalonia  nigronervosa.  Kamat  and  Patel  (1951)  report  that  a  survey  shows  the 
incidence  of  bunchy  lop  to  be  25  to  70%  in  Khandesh.  10  to  15%  in  Poona,  and 
25  to  30%  in  Surat.  Chandraratna  and  Nanayakkara  (1951)  consider  this  isease 
the  most  serious  hazard  in  growing  bananas  in  Ceylon.  They  say  that  while  all 
varieties  are  susceptible,  there  is  a  marked  .difference  in  the  degree  olsus- 
ceptibi  1  ity. 


A  pseudo-stem  rot  caused  by  Sclerodum  rolfsii  has  been  reporle  rom 
Mysore  by  Venkatakrishnia  (1947),  who  recommends  control  by  means  of  goo 
orchard  sanitation  and  the  use  of  Bordeaux  paste.  The  Sigato  a  isease,  name 
the  district  in  Fiji  where  it  was  first  seen  in  1913,  has  spread  across  the  world,  and 
Iccordtg  to  von'  Loesecke  (1949),  occurs  in  .  India  also.  It  is  sometimes  calle 
Cercospora  leaf-spot,  and  is  caused  by  Cercospora  musae,  the  asc.gerous  stage 
which  is  Mycosphaerella  musicolu 

Several  of  these  diseases,  and  some  others  are  reported  as  occurring  in  Bihar 
by  Roy  anJ  Sharia  (1952).  The  Panama  disease  is  said  to  be ^ -ere,  espemal.y 
on  the  Malbhog  variety.  The  Sahja  is  said  to  be  especia  y  su«»p  ^  another  virus 
and  to  main  stalk  rot.  Bunchy  top  is  said  to  be  ^  ,  BacUlus 

disease,  heart  rot,  carried  by  the  same  vector.  The  Moko  disease, 
musae,  is  said  to  be  as  important  as  the  Panama  disease.  - 
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Harvesting  and  Marketing 

» 

Bananas  are  harvested  while  still  green,  but  after  they  have  reached  almost 
their  full  size  and  become  plump.  If  they  are  to  be  shipped  for  a  long  distance 
they  are. cut  somewhat  sooner  than  if  intended  for  the  local  market.  The  bunch 
should  be  cut  with  at  least  ten  inches  of  the  stem  above  the  first  fingers,  and  should 
be  handled  gently  in  order  to  avoid  bruising.  As  soon  as  a  bunch  is  cut.  the  pseudo 
stem  on  which  it  was  borne  should  be  removed. 

The  first  crop  of  fruit  is  ordinarily  borne  in  somewhat  more  than  a  year  after 
planting.  Successive  crops  are  secured  at  intervals  of  from  5  to  10  months,  depend¬ 
ing  on  the  climate  and  the  management.  The  yield  varies  greatly  in  different 
varieties,  and  under  different  conditions.  Simmonds  (1946)  gives  the  average  yield 
of  the  Gros  Michel  in  Central  America  as  125  to  159  bunches  per  acre  per  year, 
\uth  a  mean  weight  of  60  lbs.,  making  3.8  tons  per  acre,  with  the  maximum  about 
21  tons.  In  the  Canary  Islands,  he  says  the  average  yield  is  500  to  750  bunches, 
weighing  55  to  86  lbs.,  giving  an  average  yield  of  16  to  19  tons.  In  India, 
according  to  the  Report  on  the  Marketing  of  Bananas,  it  varies  from  less  than  2  tons 
per  acre  m  Mysore  to  about  18  tons  in  Bengal, .with  nearly  10  tons  for  the  whole 
country  In  Madras  the  yield  of  the  hill  plantain  is  only  about  2.5  tons  per  acre, 
vvh.le  the  other  varieties  vary  from  about  6  tons  to  over  10  tons  in  the  case  of  the 
do  van.  Menon  (1941)  estimates  about  8  tons  per  acre  in  Cochin.  Gandhi  (1952) 
est. mates  the  annual  yield  of  the  Basrai  variety  in  Bombay  as  20  tons  per  acre,  and 
o  other  varieties  as  10  tons.  He  reports  a  yield  of  59,000  lbs.  per  acre  of  Basrai 

™anaS  70,  L  eShkhiJnd  garden  !n  P°°na-  He  giveS  lhe  tolal  P^^ion  of  the 
tote  as  723  000  tons,  and  states  that  341.751  tons  of  Basrai  bananas  were  shipped 
to  noithern  India  in  one  year. 

well  ahhoeuthTn  !S  notm"4'  *  Pr°*table  Cr°p  in  India  where  it  does 

bout  R  200  V  (  ?•  r,°‘re  th8t  ^  Travancore  the  average  yield  was  worth 

(19251  d,  7  aCre’  'tCh  lef‘  n°  pr0f,t  except  ,ha  Intercrop.  Later  Nair 
(  92.5)  indicated  costs  m  the  same  region,  including  the  clearing  of  the  ground  and 

d  Dean  'a92mr°U,8^  ^  230  "  with  an  incom«  of  Ra-  Burns 

I'  f<1920)  SlatVhaVhe  C°St  0f  «""*W  Soni  variety  in  Bombay  for  three 

::ia  rs?  ats? for — -  -  ^ 

was  Rs.  1,512  leaving  a  net  profit  of  Rs  265  an"Um  *"  ***  Cheema  and 

"ani  (1928)  are  eve,;  more  encouraging,'  JLlTU?  ^ 

expenses  of  Rs.  1,824,  including  water  at  lhe  rate  of  Rs  .in  !  ^  "  Sh°"' 

an<l  an  income  of  Rs.  4,593,  leaving  a  net  profit  of  Rs  5  l  am'Um  ^ 
Dhareshwar  (1942)  states  that  there  are  80  to  150  /  ^  554  Per  acre  each  year. 

Bs.  8  per  thousand.  If  the  plants  were  4i  feet  apart"?  7  >U"Ch’  'T"'  Rs'  6  l° 
bore  one  bunch  a  year  the  inrom^  n  l  ’  as  ie  iecommends,  and  each* 
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lie.  1-4-0.  He  estimates  the  incope  at  not  less  than  Rs.  750  a  bigha,  as  compared  with 
expenses  of  Rs.  430.  Unpublished  figures  for  four  ‘plant’  crops  and  2  ratoon  crops 
of  bananas  at  the  Sugarcane  Research  station  in  Madras  show  a  total  cost  of  Rs. 
3,028  per  acre  and  income  of  Rs.  6,430  leaving  a  net  annual  profit  of  Rs.  850  per 
acre.  Naik  (1949)  says  that  net  profits  of  Rs.  537  to  Rs.  1,000  per  acre  have  been 
reported  in  Madras.  l\oy  (1950  C)  gives  figures  showing  the  expenses  for  the  first 
and  second  yeais  as  Rs.  505  and  Rs.  367  respectively,  with  incomes  of  Rs.  711  and 
Rs-  pei  acie.  It  is  doubtful  if  many  growers  actually  make  nearly  as  much 

profit,  however,  as  these  figures  indicate. 


The  economic  value  of  the  leaves  is  stressed  by  Sundararaj  (1952)  who  says 
that  about  2,000  acres  of  bananas  are  grown  in  Tanjore  district  largely  for  the 
leaves.  He  says  the  plants  are  desuckered  the  first  year,  but  that  in  the  second 
about  50  leaves  are  harvested  per  clump  and  sold  in  bunches  of  100,  half  large 
and  half  small  for  an  average  price  of  Rs.  3  per  bunch.  He  gives  the  cost  of 
cultivation  as  Rs.  500  the  first  year  and  Rs.  400  the  second,  and  the  income  from 
fruit  the  first  year  as  Rs.  1,000  and  from  leaves  the  second  year,  as  Rs.  1,500. 


Most  bananas,  both  in  India  and  in  other  countries,  are  shipped  without  pro¬ 
tection,  each  bunch  forming  a  unit.  In  the  Canary  Islands,  however,  they  are 
crated,  and  in  some  places  they  are  wrapped  in  burlap.  If  they  are  to  be  shipped 
long  distances,  refrigeration  is  necessary.  By  controlling  the  temperature,  the’,  time 
required  for  ripening  can  be  determined  very  accurately.  In  storage  and  during 
transportation,  the  temperature  should  be  kept  between  53  and  55° F.»  according 
to  Wardlaw  and  McGuire.  For  ripening,  it  should  be  about'  70°.  Rose  and  others 
(1941),  however,  state  that  in  storage  the  temperature  should  not  be  below  56°,  and 
for  ripening,  62  to  70°.  They  say  the  humidity  should  be  90-95%  when  the  fruit 
is  green,  and  somewhat  lower,  but  not  below  85%,  when  ripe.  Von  Loesecke  (1949) 
states  that  while  the  temperatures  used  for  ripening  in  Great  Britain  and  in  the 
U.  S.  A.  differ  somewhat,  satisfactory  rapid  ripening  can  be  secured  by  storing  the 
fruit  at  70°F.  for  24  hours,  then  at  68°  until  coloured,  and  then  at  66°.  For 
medium  ripening,  the  temperature  should  be  64°,  and  for  slow  ripening  00  to 
62°,  with  the  air  being  changed  3  or  4  times  an  hour.  Ethylene  is  evolved  by  the 
ripening  fruit,  and  additional  ethylene  is  used  for  uniformity  and  to  hasten  slow 
ripening  fruit,  it  having  little  effect  on  fruit  already  ripening  rapidly.  Gas  storage 
experiments  have  given  conflicting  reports,  but  there  are  indications  that  about  5% 
carbon  dioxide  and  5  to  7%  oxygen  in  the  atmosphere  in  cold  storage  will  prolong 
the  life  of  the  fruit.  One  experiment  indicates  that  it  may  be  possible  to  accelerate 
ripening  by  spraying  the  fruit  with  100  to  160  ppm  of  2,4-D.  Karmarkar  and  Josln 
(1940  A)  found  that  the  Sonkel  ripened  satisfactorily  at  68,  60„  and  56  ,  in  Z  . , 
an(1  4  weeks,  respectively,  while  the  Basra!  chilled  at  56°.  Three  varieties  from 
Madras  were  also  tested.  Shrumalai  kept  for  24  days  a*52°F.;  Chakkharakel.  for 
37  day  at  56;  and  Karpura  Chakkharakeli  ripened  normally  at  56  and  52  and  kep 
20  days  at  these  temperatures.  Chilling,  according  to  Von  Loesecke  (1949)  pro¬ 
duces  many  effects  including  more  or  less  complete  closure  of  all  or  part  ol  u> 
stomata  and  more  or  less  breakdown  of  the  tissues.  Slight  chilling  may  produce 
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only  a  duller  colour  of  the  skin,  but  severe  chilling  makes  the  fruit  useless.  Ihese 
temperatures  give  a  better  quality  than  can  be  obtained  if  the  fruit  is  ripened  at 
higher  temperatures,  as  is  generally  the  case  in  India.  The  Report  on  the  Market¬ 
ing  of  Bananas  in  India,  however,  expresses  the  opinion  that  refrigeration  is  too  ex¬ 
pensive  to  be  used  on  such  a  cheap  fruit  as  the  banana.  Smearing  the  cut  end  ol 
the  stem  with  vaseline,  or  applying  melted  paraffin,  as  recommended  on  the  basis  of 
experiments  in  Bombay  (Anon.,  1933  B),  not  only  protects  the  bunch  from  disease 
but  causes  the  fruit  to  remain  fresh  longer,  and  to  ripen  with  a  more  attractive 
colour. 


While  lower  temperatures  would  frequently  result  in  bananas  of  belter 
flavour,  in  India  it  is  customary  to  hasten  ripening.  The  most  common  method, 
according  to  the  Report  on  the  Marketing  of  Bananas,  is  smoking  the  fruit  by  burn¬ 
ing  various  fuels  in  store  rooms  or  in  heaps  or  pits  plastered  with  mud  to  hold  the 
smoke  in.  In  some  places  they  are  stored  in  paddy  straw,  covered  with  green  banana 
leaves,  or  exposed  to  the  sun.  Naik  (1949)  states  that  the  smoking  last  24  to'  48 
hours,  and  that  in  some  trials,  but  not  all,  applying  vaseline  to  the  cut  end  of  the 
bunch,  or  inserting  garlic  into  it,  also  hastened  ripening. 


One  reason  for  the  great  importance  of  the  banana  is  the  amount  of  food 
produced  per  acre.  Extravagant  claims  are  sometimes  made,  placing  it  far  ahead 
of  any  other  crop  in  this  respect,  but  as  Simmonds  (1946)  has  shown,  these  claims 
do  not  bear  critical  analysis.  He  compares  two  varieties  for  which  accurate  records 
ol  yield  are  available,  with  the  potato,  one  of  the  other  high  yielding  crops.  He 
calculates  that  about  59%  of  the  weight  of  a  bunch  of  bananas,  and  95%  of  the 
weight  of  potatoes  is  edible,  and  that  in  both  cases  about  25%  of  the  edible  portion 
is  dry  matter,  mainly  carbohydrate.  On  this  basis  the  yield  of  edible  matter  per 
acre  for  an  average  crop  would  be  3.2  tons  for  the  Gros  Michel,  12.6  tons  for  the 


dwaif  banana  in  the  Canary  Islands,  2.9  tons  for  the  potato  in  the  United  States 
and  5.7  tons  in  Britain,  while  the  maximum  yield  for  bananas  wrould  be  about  28.2 
tons  and  for  potatoes  about  29.5  tons.  He  recognizes  that  the  figures  for  bananas 
are  on  the  basis  of  the  bunches  exported,  and  that  if  they  had  been  left  on  the  tree 
until  fully  mature,  lor  local  use,  the  weight  would  have  been  about  a  third  more, 
and  that  there  are  other  inaccuracies  in  the  estimate.  He  concludes  that  the  banana 
and  potato  fall  into  the  same  general  class  as  producers  of  food  per  acre,  and  on 
the  basis  of  figures  for  papaya  in  Trinidad,  puts  that  fruit  in  the  same  class.  The 

y.eJd  of  bananas  in  India  is  about  half  way  between  that  in  Central  America  and 
that  in  the  Canary  Islands. 


Tlie  food  value  of  the  banana  does  not  depend  solely  on  its  carbohydrate 

freshripe  nul,  ! Tt  *  g‘VeS  ,the  followinS  percentage  composition  of  the 

resh  ripe  pulp  of  four  vanet.es:  mo.sture,  70.6  to  75.9;  reducing  sugars,  4.10  to 

9  78  to  2n470  S, SUSao  a,?  “T*  S,atch’  2'93 10  6'54’  *°*1  carbohydrate. 
?  t0  24.70,  protein  .48  to  1.49;  crude  fat,  .24  to  .47;  pectin,  .34  to  .62,  proto- 

ofpuln  4  051  4  46 Sh  * 7 a  l°  ,'.84’  normal  sodi™  hydroxide  to  ncutralide  100  g. 
II,-  o  .46  c.c.  A  culinary  variety  showed  only  63.8%  moisture,  no  non- 
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reducing  sugat  but  8.89%  reducing  sugars  and  11.69%  starch.  It  was  about  twio 

that  20’reanor,  u'  T *  WI  Wi,hin  lhe  limits  for  ^"->nas.  He  states 

20  repot  ts  on  the  vitamin  C  content  vary  from  2.1  to  21  mg.  per  100  -  One 

eport  on  carotene  showed  from  71  to  95  international  units  anti  another  5'towed 

arfcei  amount*,  especially  m  a  culinary  variety.  Other  vitamins  are  present  in 

varying  amounts.  Miller  and  Bazore  (1945)  report  that  the  Gros  Michel  and 

C  avendish  bananas  are  a  fair  source  of  vitamin  A,  a  poor  source  of  C  and  contain 

negligible  amounts  of  thiamine.  They  also  report  a  culinary  variety  with  more 

vitamin  A,  1,200  international  units.  Von  Loesecke  says  that  bananas  are  quite 

rich  m  potassium,  magnesium,  sodium,  and  phosphorus,  and  a  fair  source  of  calcium 

and  iron.  Barnell  (1940)  makes  the  statement  that,  ‘The  banana  is  on  every  count  a 

more  valuable  food  than  the  apple.’ 


Since  the  banana  is  also  highly  digestible  and  palatable,  its  value  is  obvious. 
Some  people  have  considered  the  banana  difficult  to  digest,  but  this  is  true  only 
belore  it  is  fully  ripe.  *  As  von  Loesecke  suggests,  ripe  bananas  may  well  be  the 
first  solid  food  given  to  infants.  He  states  that  they  are  useful  in  treating  celiac 
disease  of  children  and  in  dieases  of  the  alimentary  tract.  They  are  slightly  laxative. 
Green  bananas  and  the  culinary  varieties  contain  considerable  starch  and  become 
easily  digestible  only  when  cooked.  The  possibilities  of  increasing  the  consumption 
of  bananas  in  India  are  indicated  by  the  figures  given  in  the  Report  on  the  Marketing 
of  Bananas,  showing  the  amount  used  per  person  in  Uttar  Pradesh  as  half  a  pound 
annually,  whereas  the  average  for  India  is  about  23  lbs.  and  in  Bengal  87  lbs. 

While  a  very  large  proportion  of  all  bananas  are  eaten  as  fresh  fruit,  and  most 
plantains  are  cooked  as  vegetables,  both  types  are  also  made  into  a  variety  of  prod¬ 
ucts.  The  Report  on  the  Marketing  of  Bananas  states  that  733,000  mds.  of  bananas 
are  used  each  year  in  this  way.  The  ripe  fruit  has  long  been  dried  for  domestic 
consumption,  and  this  product,  called  banana  figs,  is  also  on  the  market.  In  India, 
the  drying  of  bananas  on  a  large  scale  has  been  limited  to  a  few  centres.  The 
village  of  Agashi  in  Bombay  Province  has  long  carried  on  the  industry,  and  when 
Kulkami  (1911  B)  wrote,  the  annual  output  was  said  to  be  160  tons,  worth  Rs. 
27,000.  The  ripe  bananas  were  merely  peeled,  spread  in  the  sun,  and  turned  daily 
until  dry.  Burns  and  Joshi  (1920)  noted  that  bananas  dried  in  the  open  developed 
maggots  in  a  few'  months,  and  that  covering  them  with  muslin  or  wire  gauze  failed 
to  keep  out  the  dust.  They  made  a  successful  drier  with  a  hinged  glass  top,  holes  for 
ventilation  in  the  sides  and  bottom,  and  a  false  bottom  of  lattice-work.  The  legs 
are  stood  in  water  to  prevent  the  entry  of  ants.  The  ripe,  but  not  over-ripe,  fruit  is 
peeled  and  scraped  and  put  in  the  drier  in  the  sun.  The  ventilating  holes  are  closed 
when  the  sun  temperature  falls  below  95°,  and  the  drier  is  covered  with  cloth  al 
night.  The  fruit  is  turned  daily  until  dry,  the  process  taking  four  to  six  days.  By 
covering  the  bananas  with  cardboard  the  last  two  days,  a  ligh^  suffron  colour  is 
secured  which  changes  to  an  attractive  red  in  storage.  The  dried  fruit  should  be 
packed  in  tightly  closed  jars  or  tins,  and  examined  after  two  months  for  maggots  or 
mould.  The  fruits  thus  dried  are  said  to  make  a  delicious  sweetmeat  or  they  may 

be  made  into  jam. 
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Green  bananas  or  plantains  are  also  dried  and  ground,  forming  what  is  vari¬ 
ously  called  banana  flour,  plantain  meal,  pisang  starch,  and  banana  meal.  It  is 
very  nutritious,  and  easily  digested,  and  thus  makes  an  acceptable  invalids  food. 
Stanley  and  other  early  explorers  in  Africa  used  it  very  largely,  especially  when  ill. 
The  preparation  of  banana  meal  by  sun  drying  has  long  been  a  cottage  industry 
on  the  west  coast  of  Madras  and  in  the  districts  of  Tan j ore  and  Trichinopoly, 
according  to  Naik  (1943).  He  reports  experiments  with  dehydration,  partly  with 
the  idea  of  evercoming  transportation  difficulties  during  the  war,  as  Madras  previ¬ 
ously  exported  140,000  to  210,000  maunds  of  fresh  bananas  to  other  parts  of  India. 
Previous  attempts  at  the  production  of  banana  figs  had  not  been  very  successful 
because  they  became  infested  with  insects. 


Satisfactory  results  were  secured  with  two  comparatively  simple  dehydrators. 
In  a  small  home  drier,  the  temperature  was  kept  at  145  to  150°  F„  while  in  a 
dehydration  room  it  was  about  10°  cooler.  Ripe  or  slightly  unripe  bananas  were 
dipped  in  boiling  water  for  2  or  3  minutes  to  facilitate  peeling,  peeled,  and  halved 
or  quartered  lengthwise  before  drying,  which  took  from  9  to  22  hours,  depending 
on  the  temperature  and  the  variety.  Sulphuring  the  fruit  for  20  minutes  improved 
the  colour.  When  dry,  the  slices  were  either  powdered  to  make  flour  or  cut  into 
small  pieces  to  make  figs.  It  is  suggested  that  a  tunnel  dehydrator  might  give  even 
better  results,  bully  ripe  fruits  were  not  found  well  suited  for  making  figs,  as  the 
product  became  dark  in  storage,  but  flour  from  the  ripe  bananas  was  definitely 
better  in  taste  and  sweetness,  though  more  difficult  to  prepare.  It  was  found  very 
suitable  lor  making  beverages.  Varieties  of  banana  differ  in  the  quality  of  the 
product  as  well  as  the  time  required  and  the  percentage  of  recovery.  The  figs  were 
found  to  contain  about  50%  reducing  sugars,  and  the  flour  more  than  80%  carbohy¬ 
drates  and  3,4  to  5.0%  protein.  The  vitamin  C  content  was  low. 


A  modern  method  of  manufacturing  banana  flour  is  described  by  von 
Loesecke  (1949)  in  which  the  green  bananas  are  peeled,  exposed  to  the  fumes  of 
sulphur  at  the  rate  of  200  mg.  to  100  g.  of  fruit,  and  dehydrated  at  140  to  167°  F., 
with  a  relative  humidity  of  20  to  25%.  Instead  of  sulphuring,  the  fruit  may  be  dip¬ 
ped  in  1%  citric  acid.  The  yield  is  20  to  30%  of  the  weight  of  the  unpeeled  fruit.  He 
uses  the  term  banana  powder  for  the  product  made  by  passing  ripe  fruit  through 
a  food  chopper  and  dried  on  steam-heated  drums,  much  of  the  vitamin  C  being  lost 
in  the  process.  Brooks  (1947),  however,  says  that  when  bananas  are  dried  at  from 
122  to  160°F.  to  a  third  of  their  original  weight,  vitamins  A,  B„  Be  and  C,  and 
sugar  and  proteins  remain  intact.  A  method  of  manufacturing  flour  from  culinary 

i7noTVScdeSCribed  by  Ramirez  (1947)-  The  fruits  are  immersed  in  water  at 
b.  for  o  minutes,  peeled  and  sliced  with  a  stainless  steel  knife,  soaked  in  I  part 

o"'Vn  uPT-  f  Water  l°  reduce  lhe  tannin  content’  and  dried  linder  vacuum  at 
-0  F.  The  dried  pieces  are  then  put  through  a  ball  mill  to  prepare  the  flour 

very  ,1X7  pr°duCtS  •»  u6e<l-  U  sometime,  made,  but  is  not 

improve  the  flavor  WlT  TT  Y  °f  lemon  f,lice  or  «*>•  to 
■  ,  ,  ■  can  a's0  l*  raa|!e  from  somewhat  green  bananas  Vine-  r 

can  »,so  be  made  suecessfu.ly.  The  Report  on  the  Marketing  of  Bananas  Jvs  , ha 
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largely  in  connection  with  one  temple,  about  2,000  jnds.  of  a  product  called  pandu 
um  rut  ham  is  made  annually.  To  the  sliced  pulp  of  bananas  is  added  such  substances 
as  treacle,  honey,  sugar  candy,  ghi,  and  raisins.  In  Travancore  and  Cochin  the  figs 
are  fried  in  oil  and  coated  with  sugar.  Bananas  are  also  baked  or  fried,  the 
N  end  ran  variety  grown  in  South  India  always  being  cooked,  as  it  is  rather  hard 
when  raw,  although  ripe  and  fairly  sweet. 

Other  parts  of  the  plant  are  also  used  for  food.  The  neutral  and  staminate 
part  of  die  inflorescence  or  heart,  before  it  opens,  is  used  as  a  vegetable,  and  is 
especially  popular  in  Bengal.  The  tender  centre  portion  of  the  pseudo-stem  is  also 
cooked  and  eaten.  The  ash  of  the  plant  is  used  in  food  in  Assam,  and  also  for 
washing  clothes.  The  leaves  are  used  as  plates,  and  the  stems  are  used  as  fodder  for 
cattle.  It  has  been  shown  in  Bombay  (Anon.,  1919)  that  banana  stems,  cut  into 
short  pieces,  can  furnish  as  much  as  half  of  the  ration  of  roughage  for  work  oxen 
without  harm.  While  not  as  valuable  as  Manila  hemp,  banana  fibre  is  also  useful. 
During  the  second  world  war,  when  the  supply  of  Manila  hemp  was  cut  off,  an 
attempt  was  made  to  secure  a  substitute  in  Madras.  Naik  (1946)  reports, that  Musa 
lextilus  grown  in  Madras  is  far  inferior  to  that  produced  in  the  Philippines,  but 
that  the  yield  is  much  more  per  acre  than  that  of  banana  fibre.  Some  varieties  of 
banana  yield  an  excellent  fibre,  and  as  it  is  at  least  as  good  after  the  fruit  is  harvested 
as  before,  it  seemed  possible  to  develop  a  profitable  side  industry.  But  the  cost  of 
extraction,  either  by  hand  or  with  the  machine  which  was  devised,  was  so  great,  that 
profitable  operation  seems  possible  only  when  the  work  is  done  by  men  who  would 
otherwise  be  unemployed.  The  fibre  is  extracted  in  that  way  for  home  use.  Thus 
in  some  primitive  cultures  the  banana  furnishes  food  in  a  variety  of  forms,  fodder  for 
the  cattle,  thatching  for  the  house,  and  fibre  for  a  number  of  purposes.  Few  other 

plant  are  so  useful. 


•m  r 


Chapter  xvi. 


THE  GUAVA  AND  ITS  RELATIVES 


The  «uava  is  one  of  the  most  common  fruits  in  India,  and  because  of  the 
large  amounts  sold  at  moderate  prices,  is  of  great  importance.  The  tree  is  very 
hardy  growing  with  little  attention,  or  even  wild.  This  has  led  many  to  thi 
indigenous  to  this  country,  but  such  is  not  the  case.  It  originate. ,  a  °n£ 
number  of  other  important  fruits,  in  tropical  America,  and  seems  o  have  be 
growing  from  Mexico  to  Peru  when  European  explorers  first  visited  that  legion.  I 
has  now  spread  throughout  the  tropics  and  subtropics,  and  in  seve 
become  a  pest  It  is  not  common  in  the  Mediterranean  ieDi  n  . 

Slates,  b»,  ha.  bee.aie  -id.ly  E—  ™  “* 

-u » i-  — — -»  s,:  ir  5  vjrjL  -  -I 

practically  never  reaches  the  market.  In  Cuba,  however,  t  d, 

largely  in  the  manufacture  of  various  produets,  and  the  crop  in  ,944  was  earn 

at  about  89,285  tons,  all  from  wild  trees,  according  to  Ruehle  (194.).  I 
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May,  in  the  open  at  Allahabad  have  failed  to  germinate  until  the  middle  of  July. 
Boiling  the  seeds  up  to  five  minutes  has  reduced  the  time  required  for  germination 
somewhat  without  lessening  the  percentage  of  germination.  Soaking  the  seed  for 
two  weeks  before  planting  also  decreases  the  time  required,  as  does  brief  treat* 
ment  with  strong  sulphuric  acid. 


Guava  seeds  retain  their  vitality  for  many  months,  but  it  is  considered  desir¬ 
able  to  sow  them  fairly  promptly.  Seeds  taken  from  the  winter  crop  should  be 
planted  no  later  than  the  following  monsoon.  They  should  be  removed  from  the 
ripe  fruit,  washed,  dried  thoroughly,  and  carefully  stored.  They  are  frequently 
mixed  with  ashes  before  drying,  and  it  is  said  that  in  Gujarat  they  are  repeatedly 
washed  in  the  belief  that  this  makes  the  fruit  on  the  resulting  trees  whiter.  This 
custom  is  about  as  useful  as  the  one  in  Satara,  where  the  seeds  are  rolled  in  sugar 
to  make  the  fruit  swreeter.  The  seeds  may  be  broadcast  or  sowed  in  lines.  When 
the  seedlings  are  two  or  three  inches  high,  they  should  be  transplanted,  and  the 
weaker  ones  discarded.  If  conditions  are  favourable,  the  seedlings  are  ready  for 
planting  in  the  field,  or  for  grafting^  one  year  after  planting,  but  in  some  cases  they 
are  allowed  to  remain  for  two  years.  Occasional  transplanting  is  desirable  to  keep 
the  roots  in  check,  as  long  as  they  are  in  the  nursery. 


tthile  seedlings  are  most  commonly  grown,  it  is  certainly  wiser  to  use  vege> 
tative  propagation.  A  great  deal  of  variation  may  be  observed  in  seedling  trees, 
both  in  the  growth  of  the  tree  and  in  the  fruit.  Most  commonly  the  trees  grow' 
rapidly,  putting  out  long  straight  shoots,  but  trees  making  a  slow,  twiggy  growth 
are  also  observed.  Seedlings  from  a  specially  selected,  uniform  lot  of  fruit  show- 
e  great  variation  in  size,  shape,  quality,  and  season  of  ripening,  in  an  experiment 

lV  gjCU.tlJr^  *nst*tute’  Allahabad.  As  far  as  is  known,  however,  the  white- 
eshed  and  p.nk-fleshed  types  come  true.  Although  cross-pollination  by  means  of 
bees  which  ate  attracted  to  the  flowers  in  large  numbers,  seems  to  be  the  rule,  seeds 
om  white-fleshed  fruit  grown  in  the  same  orchard  with  pink-fleshed  types  appar- 
enly  yield  only  the  white-fleshed  type.  No  experimental  evidence  that  such  is 
the  case  is  available,  however,  and  DuPruz  (1943)  states  that  seedlings  raised  from 
«  single  fruit  may  bear  fruit  varying  in  colour  from  white  to  pink.  There  is  also 
'onsideiahle  variation  in  the  yield  of  seedlings.  Williams  and  Choong  (1944) 
studied  the  yield  for  five  years  of  16  trees  each  of  the  progenv  of  6  trL  and 

than  twicenSasCm„ch  as"' them.  W“hm  "ne  gr°UpS  *1<W  more 


•i  Jtszzvizszr'' — -  “  •—  -  - 

A  very  common  me'thod  of  vegetative  nronncymio  •  T  ,.  .  .  ,  . 

tr way  as  is  wiih  ,he  man?o’  -  ^ 

Suits  r visorous  f ** 

tative  propagation  in  Mad™.  ,  t^i  C°mm°n  a"d  COnvenient  form  of  vege- 
and  Bombay  The  preiudic  ’  •  '  ls  als0  recommended  m  Bengal  (Anon.,  19101!) 

82  bay.  The  Prejudice against  this  method  because  of  the  alleged  shallowness 
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This  seems  to  be  the  first  report  of  triploidy  in  the  guava.  This  would  explain  the 
absence  of  seeds  in  this  variety,  and  possibly  in  other  seedless  or  nearly  seedless 
varieties. 

In  other  sections,  different  names  are  used,  many  of  them  being  names  of 
places  where  the  variety  or  type  is  supposed  to  have  originated.  Thus  in  Bombay, 
the  following  names  are  given  by  Cheema  and  Deshmukh  (1927)  :  Sind,  with  fruits 
lound  01  elliptic,  with  soft  white  or  reddish  pulp;  Lucknow,  with  bushy  trees  and 
iiuii*  round  and  somewhat  acid;  Dholka,  with  vigorous  trees  and  large  fruits;  and 
in  the  southern  part  of  the  State,  varieties  which  are  of  poorer  quality,  but  which 
keep  well,  such  as  Nasik,  which  is  bottle-shaped  and  rough;  and  Dharwar,  which 
is  elliptical.  Ibrahim  (1943)  describes  six  types  grown  in  Madras,  the  only  red- 
fleshed  one,  and  one  of  the  white,  being  distinctly  inferior.  Roy  and  Ahmed  (1951) 
have  described  the  varieties  Harijha,  Safeda,  Habshi,  and  Seedless  as  grown  in 
Bihar*  These,  except  Habshi,  are  being  used  in  breeding. 

It  should  be  remembered  that  few  of  these  are  clonal  varieties,  and  in  mam- 
cases  the  terms  are  merely  descriptive.  The  selection  of  unusually  good  trees,  and 
their  propagation  by  vegetative  means,  as  named  varieties,  offers  a  means  of  great 
improvement:  Unfortunately,  many  of  the  types  now  grown  are  of  comparatively 
poor  quality. 

The  guava  is  grown  widely  in  tropical  and  subtropical  regions,  and  succeeds 
under  a  wide  variety  of  climatic  conditions.  It  seems  to  produce  more  abundant 
crops  of  better  quality  in  areas  having  a  distinct  winter  than  in  more  tropical  areas. 
On  the  other  hand,  the  tree  cannot  stand  more  than  a  few  degrees  of  frost,  although 
there  may  be  considerable  variation  among  different  types  in  this  respect,  \oung 
trees  have  been  severely  damaged  and  even  killed  on  low  ground  at  Allahabad. 
Older  trees  are  more  hardy,  and  even  if  killed  to  the  ground,  generally  send  up  new 
shoots  which  grow  rapidly  and  may  be  bearing  in  two  years.  The  guava  is  more 
resistant  to  drought  than  most  fruits,  and  may  be  grown  without  irrigation  in 
regions  like  Uttar  Pradesh. 

Few  plants  are  as  so  tolerant  of  varying  soil  conditions  as  is  the  guava.  It 
is  grown  on  heavy  clay  soils  and  very  light  sandy  soils,  as  well  as  on  those  more 
commonly  considered  suitable  for  fruit  production.  Ruehle  (1948)  states  that  in 
Florida  the  guava  thrives  on  very  acid  light  soils  with  a  pH  value  as  low  as  4.5, 
and  on  limestone  and  marl  soils  with  a  value  up  to  8.2.  It  will  grow  and  pro¬ 
duce  some  fruit  on  soil  too  poor  for  most  fruits.  But  as  the  flowers  are  borne  on 
the  new  growth,  and  there  seems  to  be  no  antagonism  between  vegetative  giowth 
and  productiveness,  apparently  no  soil  is  too  rich  for  it. 

Propagation 

Most  of  the  guavas  grown  in  India,  and  in  some  other  countries,  are  grown 
from  seed.  Seeds  ordinarily  germinate  readily  in  two  or  three  weeks,  but  may 
take  much  longer  under  unfavourable  conditions.  Seeds  planted  the  middle  o 
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May,  in  the  open  at  Allahabad  have  failed  to  germinate  until  the  middle  of  July. 
Boiling  the  seeds  up  to  five  minutes  has  reduced  the  time  required  for  germination 
somewhat  without  lessening  the  percentage  of  germination.  Soaking  the  seed  for 
two  weeks  before  planting  also  decreases  the  time  required,  as  does  brief  treat¬ 
ment  with  strong  sulphuric  acid. 


Guava  seeds  retain  their  vitality  for  many  months,  but  it  is  considered  desir¬ 
able  to  sow  them  fairly  promptly.  Seeds  taken  from  the  winter  crop  should  be 
planted  no  later  than  the  following  monsoon.  They  should  be  removed  from  the 
ripe  fruit,  washed,  dried  thoroughly,  and  carefully  stored.  They  are  frequently 
mixed  with  ashes  before  drying,  and  it  is  said  that  in  Gujarat  they  are  repeatedly 
washed  in  the  belief  that  this  makes  the  fruit  on  the  resulting  trees  whiter.  This 
custom  is  about  as  useful  as  the  one  in  Satara,  where  the  seeds  are  rolled  in  sugar 
to  make  the  fruit  sweeter.  The  seeds  may  be  broadcast  or  sowed  in  lines.  When 
the  seedlings  are  two  or  three  inches  high,  they  should  be  transplanted,  and  the 
weaker  ones  discarded.  If  conditions  are  favourable,  the  seedlings  are  ready  for 
planting  in  the  field,  or  for  grafting^  one  year  after  planting,  but  in  some  cases  they 
are  allowed  to  remain  for  two  years.  Occasional  transplanting  is  desirable  to  keep 
the  roots  in  check,  as  long  as  they  are  in  the  nursery., 


\\  hile  seedlings  are  most  commonly  grown,  it  is  certainly  wiser  to  use  vege- 
tativ e  propagation.  A  great  deal  of  variation  may  be  observed  in  seedling  trees, 
both  in  the  growth  of  the  tree  and  in  the  fruit.  Most  commonly  the  trees  grow 
rapidly,  putting  out  long  straight  shoots,  but  trees  making  a  slow,  twiggy  growth 
are  also  observed.  Seedlings  from  a  specially  selected,  uniform  lot  of  fruit  show¬ 
ed  great  variation  in  size,  shape,  quality,  and  season  of  ripening,  in  an  experiment 
at  the  Agricultural  Institute,  Allahabad.  As  far  as  is  known,  however,  the  white- 
fleshed  and  pink-fleshed  types  come  true.  Although  cross-pollination  by  means  of 
bees  which  are  attracted  to  the  flowers  in  large  numbers,  seems  to  be  the  rule,  seeds 
from  white-fleshed  fruit  grown  in  the  same  orchard  with  pink-fleshed  types  appar¬ 
ently  yield  only  the  white-fleshed  type.  No  experimental  evidence  that  such  is 
the  case  is  available,  however,  and  DuPruz  (1943)  states  that  seedlings  raised  from 
a  single  fruit  may  bear  fruit  varying  in  colour  from  white  to  pink.  There  is  also 

— r:  'e  mjT’V  the  TWd  of  seedlings.  Williams  and  Choong  (1944) 
studied  the  yield  for  five  years  of  16  trees  each  of  the  progeny  of  6  trees  and 

found  considerable  variation  within  the  groups,  while  some  groups  yielded  more 
than  twice  as  much  as  others.  b  ^  y 


In  one  experiment,  Dasarathy  (1951)  found  no  fruit  setting  when  the  (lowers 
of  three  varieties  were  self-pollinated. 

A  very  common  me'thod  of  vegetative  Dronnttuiln^  ;  t  i-  •  •  ,  . 
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of  the  root  system,  and  danger  of  the  trees  blowing  over,  is  probably  unjustified. 
Both  layering  and  air-layering  are  said  to  be  easy  by  Parsons  (1932)  in  Ceylon, 
and  by  Giant  and  Williams  (1936)  in  Burma,  where  etiolation,  with  ring  wiring, 
was  found  helpful.  Ruehle  (1948)  reports  excellent  results  from  air-layering  with 
plastic  wraps.  He  recommends  removing  a  strip  of  bark  one  and  a  half  times  as 
wide  as  the  diameter  of  the  branch,  which  should  be  at  least  half  an  inch.  The 
girdied  area  is  bound  with  moist  sphagnum  moss  and  wrapped  with  a  sheet  of 
hea\>  plast.c,  tied  at  each  end  with  rubber  bands.  Nothing  more  is  done  until 
sufficient  roots  are  visible  through  the  plastic,  when  the  layer  is  removed  and 
planted.  This  takes  three  or  four  months.  A  piece  of  paper  tied  loosely  around  the 
wrap  protects  it  from  damage  by  birds  and  prevents  the  moss  from  overheating. 
S.  N.  Singh  (1950)  reports  fair  success  in  rooting  cuttings  of  one  variety,  but  not 
of  another,  after  treating  with  a  hormone  preparation.  Special  methods  of  air 
layering  in  the  spring,  or  preferably  in  the  rainy  season,  gave  good  results,  and 
treatment  with  1%  alpha-naphthalene  acetic  acid  proved  very  beneficial. 

Another  method  which  is  easy,  and  satisfactory  unless  the  parent  tree  has  been 
produced  by  graftage,  is  the  use  of  root  suckers.  If  lateral  roots  are  severed  from 
the  tree,  or  wounded,  two  or  three  feet  from  the  trunk,  they  will,  in  most  cases  send 
up  shoots,  which  may  then  be  transplanted  to  the  nursery.  Or  the  roots  may  be  dug 
up,  cut  into  lengths  of  five  to  eight  inches,  laid  flat  and  covered  with  two  to  four 
inches  of  soil.  Occasionally  the  suckers  which  are  produced  abundantly  around  the 
trunk  may  be  removed  with  a  few  small  roots,  and  grown. 


Budding  has  also  been  used  to  a  limited  extent,  but  is  somewhat  difficult  to 
apply.  Shield  budding  has  been  used  in  Florida  with  small  seedlings,  and  with 
buds  taken  from  wood  which  has  just  lost  its  green  colour.  Ruehle  (1948)  states 
that  the  method  is  most  successful  if  the  buds  are  inserted  in  the  winter  or  early 
spring  in  young  rootstocks  with  bark  just  thick  enough  to  receive  them.  The  buds 
should  be  1  to  1J  in.  long.  Smith  (1934)  also  reports  success  with  this  method, 
budding  in  January  or  July  with  buds  taken  from  just  below  the  green  sappy  growth, 
on  stock  not  older  than  seven  months.  In  Java  the  Forkert  or  modified  Forkert 
method  is  used  with  excellent  results.  Patch  budding  has  also  been  used  in  place 
of  shield  budding.  Oppenheimer  (1947)  reports  success  with  cleft  grafting. 

In  an  experiment  in  which  performance  records  were  kept  of  600  seedling 
trees  14  years  old,  in  Bombay,  Cheema  and  Deshmukh  (1927)  not  only  report 
great  variations  among  the  seedling  trees,  but  also  state  that  bud  mutations  were 
not  rare.  This  emphasizes  the  need  for  careful  selection  of  scions  for  grafting  or 

budding. 

Cuttings  are  not  commonly  used,  but  are  possible  with  bottom  heat.  For  tin? 


purpose  half-ripened  wood  is  used. 

Grafted  plants  are  ordinarily  ready  to  set  out  in  the  field  one  year  after  graft- 
in,;  The  rainy  season  is  the  best  time  for  this.  The  correct  distance  from  plan 
,o  plant  is  subject  to  dispute,  although  it  is  generally  agreed  that  most  orchards 
ore  too  closely  planted.  The  most  common  distances  are  12  to  18  feet,  but  such  e 
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treme  crowding  as  results  from  planting  two  trees  in  each  pit,  with  the  pits  10  eel 
apart,  is  not  unknown.  Naik  (1949)  states  that  in  Madras  seedling  trees  are  plant- 
ed  about  15  ft.  apart  on  river  banks,  and  receive  no  irrigation  after  the  first  year, 
while  layered  or  grafted  trees  are  planted  20  to  25  ft.  apart  on  good  orchard  soil 
and  are  given  better  care.  The  maximum  distance  ordinarily  recommended  is 
about  25  feet,  but  at  this  distance  the  field  will  be  completely  occupied  under 
favourable  conditions  in  Uttar  Pradesh;  seedling  trees  on  good  soil  and  with  good 
care  should  be  allowed  at  least  30  ft.  _  , 

Culture  — ' 


Ordinarily  the  guava  is  given  very  little  care,  and  it  does  remarkably  well 
in  spite  of  this  neglect.  But  in  order  to  get  satisfactory  crops,  some  cultivation, 
irrigation,  and  manuring  are  necessary,  and  some  pruning  is  desirable,  at  least  in 
the  early  stages.  In  the  absence  of  more  definite  recommendations,  it  may  be 
assumed  that  ploughing  and  cultivation  suitable  for  other  fruits  will  meet  the  needs 
of  the  guava. 

Cultural  operations  depend  to  a  considerable  extent  on  the  crop  which  is 
desired.  In  tropical  regions  including  Madras,  if  irrigation  is  given,  the  guava  may 
bear  more  or  less  throughout  the  year,  but  in  India  there  are  generally  two  or  three 
rather  distinct  crops.  In  northern  India  the  main  crop  comes  from  flowers  in  the 
rainy  season,  and  ripens  in  mid-winter.  A  second  crop  is  ripe  during  the  rainy 
season,  from  flowers  which  appear  in  the  early  spring.  In  Eombay  and  Madras 
there  is  a  third  crop,  with  flowers  appearing  in  October.  The  common  practice 
is  to  treat  each  orchard  for  only  one  of  these  crops,  and  this  is  probably  wise.  In 
Uttar  Pradesh  the  winter  crop  is  the  one  ordinarily  desired,  as  it  is  not  only  larger, 
but  of  much  better  quality.  The  fruits  borne  in  the  rains  are  rather  insipid  and 
water}',  and  do  not  keep  well.  In  many  cases,  the  trees  will  bear  some  fruit  in  the  rains 
and  then  so  much  in  the  winter  that  branches  are  broken.  However,  Smith 
(1934)  states  that  the  total  quantity  of  fruit  borne  in  a  year  is  greater  if  only  the 
winter  crop  is  taken.  Ordinarily,  all  that  is  necessary  to  avoid  the  rainy  season 
crop  is  to  withhold  irrigation  after  December  or  January  or  even  February.  In 
that  case  any  young  fruit  which  sets  in  the  spring  is  likely  to  fall  off.  The  trees 
lose  many  of  their  leaves.  This  is  the  common  custom,  whether  from  the  convic¬ 
tion  that  it  is  the  best  treatment  for  the  trees,  or  in  order  to  save  the  expense  of 
irrigation.  Smith  recommends  that  in  addition  to  withholding  water,  mild  root 
pruning  be  practised.  He  advocates  digging  a  trench  a  foot  deep  and  a  foot  wide 
under  the  extremities  of  the  branches  about  the  end  of  May,  and  filling  it  with 
equal  parts  of  soil  and  rotten  manure  to  within  three  inches  of  the  top.  After 
fifteen  days  this  trench  should  be  filled  with  water.  If  no  water  is  available  the 
whole  process  may  be  delayed  until  about  two  weeks  before  the  monsoon  is  expected 

Lven  if  no  manure  is  applied,  he  favours  digging  the  soil  to  a  depth  of  six  inches’ 
to  prune  the  roots. 


In  Bombay  there  seems  to  be  more  reason  for  practising  root  pruning  or  ex- 
yoture  for  there  the  trees  have  less  definite  fruiting  seasons  and  do  not  bear  as  large 
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crops  as  m  the  north.  Cheema  and  Deshmukh  (1927)  recommend  the  withhold- 
mg  of  water  and  exposure  of  the  roots,  with  or  without  actual  root  pruning,  six 
weeks  before  any  one  of  the  blossoming  seasons.  Later  farmyard  manure  is  applied, 
and  if  there  is  no  rain,  the  trees  are  irrigated.  An  application  of  from  10  to  50 
pounds  of  manure  per  tree  is  recommended. 

Other  organic  manures  are  sometimes  used,  but  farmyard  manure  is  the 
standard.  If  the  special  treatment  to  control  the  crop  is  not  used,  the  manure  can 
well  be  spread  around  the  trees  and  ploughed  or  dug  in.  This  can  probably  be 
best  done  during,  or  at  the  end  of,  the  rainy  season. 

Irrigation  is  ordinarily  restricted  to  the  period  between  the  close  of' the  rainy 
season  and  the  harvesting  of  the  crop.  Failure  to  irrigate  while  the  fruit  is  ripen¬ 
ing  results  in  fruit  of  small  size.  If  the  rainy  season  crop  is  desired,  irrigation  must 
be  continued  during  the  hot  weather.  At  the  Ganeshkhind  gardens,  Poona,  eight  or 
nine  irrigations  a  year  are  given  between  June  and  December,  of  about  two  acre 
inches  each.  This  seems  like  an  unnecessarily  large  amount  of  water,  and  is  cer- 
ufter  the  fruit  matures  (which  seems  not  to  be  the  case  at  Allahabad)  and  recom¬ 
mends  pruning  off  such  wood  and  also  removing  about  half  of  each  vegetative  shoot. 


Pruning 

i  • 

While  very  severe  pruning  has  been  advocated  by  some,  and  very  light  prun¬ 
ing  by  others,  little  or  no  pruning  is  commonly  practised  in  northern  India.  A  cer¬ 
tain  amount  is  undoubtedly  desirable,  at  least  to  the  extent  of  forming  a  strong 
framework,  and,  of  removing  the  suckers  which  appear  at  the  base  of  the  tree. 
As  many  types  tend  to  produce  long  shoots,  which  bend  or  break  when  loaded  wuth 
fruit,  it  is  generally  necessary  to  head  back  such  branches  as  well  as  to  select  a  few 
scaffold  branches  and  remove  the  others.  As  the  leaves  are  opposite,  with  alternate 
pairs  at  right  angles,  and  as  the  axillary  buds  can  easily  be  made  to  grow,  it  is 
generally  possible  to  form  a  very  symmetrical  tree  with  four  main  branches.  Some 
pruning  of  low  branches  every  year  or  two  is  wise,  unless  the  trees  are  being  kept 
low  for  purposes  of  grafting.  Oppenheimer  (1947)  states  that  in  Palestine  the 
trees  are  pruned  to  a  height  of  about  6  ft.  every  alternate  spring,  so  that  the  fruit 
can  be  harvested  from  the  ground. 

Dasarathy  (1951)  states  that  in  Madras  the  bearing  shoots  ordinarily  die 
after  the  fruit  matures  (which  seems  not  to  be  the  case  at  Allahabad)  and  recom¬ 
mends  pruning  off  such  wood  and  also  removing  about  half  of  each  vegetative  shoot. 

In  connection  with  pruning,  a  peculiar  system  of  training  of  the  trees,  prac¬ 
tised  in  Bombay,  should  be  considered.  After  the  young  trees  begin  to  bear,  the 
branches  of  adjoining  trees  are  bent  down  and  tied  to  each  other.  This  is  called 
"bending”.  By  holding  the  branches  in  a  more  nearly  horizontal  position  than 
they  naturally  assume,  this  forces  dormant  buds  into  growth,  and  as  the  fruit  is 
borne  on  the  growth  of  the  current  season,  the  crop  is  thereby  increased.  Frequent¬ 
ly  the  branches  are  broken  in  the  process,  which  may  also  stimulate  fruiting,  but 
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if  it  is  done  frequently,  is  likely  to  damage  the  tree  seriously.  Gadgil  and  Gadgil 
(1933)  state  that  in  Poona  the  trees  are  treated  in  this  way  in  alternate  years,  and 
bear  about  300  fruits  per  tree  in  the  years  they  are  treated,  and  only  about  25  in  the 
other  years.  Three  hundred  fruits  per  tree  is  a  very  low  yield  as  compared  with 
that  of  untreated  trees  in  Uttar  Pradesh.  It  is  obvious  that  “bending”  would  inter¬ 
fere  with  other  cultural  operations  in  the  orchard,  and  that  the  amount  of  labour 
required  for  the  operation  would  be  considerable.  Nevertheless,  it  is  practically  a 
universal  custom  in  some  districts. 


In  an  attempt  to  secure  good  crops  of  superior  fruit  without  the  disadvant¬ 
ages  inherent  in  “bending”,  pruning  investigations  were  carried  on  at  the  Ganesh- 
khind  gardens,  which  have  given  interesting  results,  as  reported  by  Cheema  and 
Deshmukh  (1927).  In  May  the  growth  of  the  last  season  is  removed,  leaving  only 
one  or  two  buds  at  the  base.  From  these,  new  shoots  come  out,  on  which  the  fruit 
is  borne.  In  one  experiment  with  600  trees,  the  average  yield  for  the  unpruned 
trees  was  464  fruits  weighing  1.58  ounces  per  fruit,  as  compared  with  a  yield  of 
234  fruits  weighing  2.27  ounces  from  the  pruned  trees.  While  the  yield  per  tree 
was  thus  less  from  the  pruned  trees,  the  latter  were  planted  15  feet  apart  and  the 
unpruned  ones  20  feet  so  that  the  yield  per  acre  was  6/141  pounds  for  the  pruned 
trees  and  4,998  for  the  unpruned.  Of  greater  importance  than  the  difference  in 
yield  is  the  larger  size  of  the  fruit  from  the  pruned  trees.  Other  advantages  claimed 
are  that  the  pruned  trees  flower  three  to  four  weeks  earlier,  with  the  fruit  ripening 
earlier  and  in  a  shorter  period,  and  that  the  fruit  is  better  protected  from  birds  and 
bats.  However,  the  method  was  not  definitely  recommended  to  the  growers,  and  has 
not  been  widely  adopted. 


A  very  similar  method  is  recommended  by  Smith  (1934)  in  the  Uttar  Pradesh 
bnt  without  reference  to  any  trial  of  the  method.  Although  the  rainy  season  begins 
later  there  than  in  Bombay,  he  states  that  the  pruning  should  be  done  in  April  or 

LoYuTY™1  ,lle  A"ahal’ad  Agricultural  Institute,  trees  were  planted 
in  .  half  15  feet  apart  and  half  25.  As  soon  as  the  trees  in  the  15-foot  block 

7f“t0  Cr°"'d’  th‘S/rm,0f  heavy  pnming  introduced.  Each  year,  part  of 
the  trees  were  pruned  May  1,  par,  June  1,  and  part  July  1.  A  few  rows  in  this 

up  to  the  1<H2  «  r  ,l0Ck  Were  giVe"  °n,y  °rdinary  Pruning-  The  results 

£*■*£:  z  srsrcrssritff  -  f ■ - 

=35 

between  the  trees  pruned  on  different  dates  excent  e  llU'e  dlfference 
were  badly  sunburned  the  firs,  year,  and  never  recovered.  P  °"  ^  1 

planted  IS  TheY^Y"  B,°mbay'  ThC  'reeS  *" 

apart.  I  he  branches  along  the  row  only  are 
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a  lowed  to  grow,  and  three  branches  in  each  direction  are  encouraged,  at  heights  of 

4’  and  feet  from  lhe  Sround*  The  branches  of  adjacent  trees  meet  and  all 
along  them  fruiting  spurs  are  encouraged.  Cheema  and  Deshmukh  (1927)  state 
that  this  method  is  easily  employed,  for  ornamental  purposes.  As  the  yield  is  re¬ 
duced,  it  is  not  suitable  for  commercial  orcharding.  Naik  (1949)  states  that  at 
Kodur  trees  trained  as  cordons  have  proved  attractive  and  yield  good  crops,  about 
200  fruits  a  year.  Ordinarily,  however,  no  pruning  or  ‘bending’  is  done  in  Madras. 

Few  other  tree  fruits  begin  bearing  so  early  in  life  as  does  the  guava.  Seed¬ 
ling  plants  flower  in  the  nursery,  and  will  produce  fruits  if  they  are  allowed  to  do 
so.  ^  oung  trees  will  frequently  bear  such  heavy  crops  the  first  year  or  two  after 
being  planted  in  the  orchard  that  many  limbs  are  broken  or  badly  bent.  They 
should  be  protected  by  removing  the  flowers  or  young  fruits.  Even  in  older  trees, 
damage  from  heavy  crops  is  not  infrequent.  Under  favourable  conditions  in 
Uttar  Pradesh,  a  commercial  crop  may  be  secured  in  the  third  or  fourth  year. 
Thereafter  the  trees  ordinarily  bear  regularly  and  heavily.  Thinning  may  some¬ 
times  be  done  with  advantage,  resulting  in  larger  fruits  as  well  as  fewer  broken 
branches. 

The  bearing  life  of  the  trees  depends  on  the  treatment  they  receive,  but 
there  seems  to  be  no  reason  why  they  should  not  continue  to  produce  satisfactory 
crops  for  30  or  40  years.  Kulkami  (1911)  states  that  plantations  generally  last 
about  40  years,  but  that  they  deteriorate  after  about  15  years.  Cheema  and 
Deshmukh  (1927)  report  that  the  orchards  are  ordinarily  kept  about  20  years,  but 
that  after  such  a  period  they  may  be  rejuvenated  by  severe  pruning.  The  way 
orchards  are  commonly  planted  there  is  not  room  for  trees  to  mature  normally. 
Lack  of  proper  care  also  contributes  to  a  comparatively  early  death. 

Production 

Accurate  production  figures  are  not  available.  Oppenheimer  (1947)  sug¬ 
gests  an  average  of  110  lbs.  per  tree,  and  as  he  states  the  trees  in  Palestine  are 
planted  only  about  10  ft.  apart,  this  would  mean  about  105  trees  per  acre,  yield¬ 
ing  about  18,000  lbs.  Kao  (1940)  estimates  only  about  2.2  tons  per  acre  in  Indja. 
Prasad  (1930)  estimates  the  average  crop  in  Allahabad  District  at  450  fruits 
weighing  six  ounces  each,  per  tree.  This  amounts  to  172  pounds  per  tree  or,  if  it 
is  assumed  the  trees  are  15  ft.  apart  on  the  average,  nearly  15  tons  per  acre.  As 
he  indicates  a  wholesale  price  in  1934-35  of  more  than  12  annas  per  basket  of  120 
fruits,  the  value  of  the  fruit  would  be  about  Rs.  3  per  tree,  or  between  Rs.  500 
and  Rs.  000  per  acre.  This  figure  is  probably  somewhat  high.  Barakzai  (19201 
estimated  average  yields  at  only  30  or  40  pounds  per  tree,  but  prices  varying 
from  Rs.  2-8-0  to  Rs.  9  a  maund.  The  higher  prices  must  have  been  very  excep¬ 
tional,  as  Kulkarni  (1911)  writing  of  other  parts  of  Bombay,  estimated  the  gross 
income  per  acre  at  from  Rs.  90  to  Rs.  150.  Even  these  lower  figures  allowed  a 
*  profit  of  from  Rs.  77  to  Rs.  100  per;  acre  because  of  the  very  low  cost  of  produc¬ 
tion.  Ibrahim  (1943)  in  Madras,  estimates  a  yield  of  100  to  300  fruits  m  the 
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rainy  season,  when  the  price  is  high  because  of  scarcity,  although  the  quality  is 
poor,  and  of  300  to  500  fruits  in  the  winter,  when  the  price  is  low.  He  estimates 
an  income  of  only  Rs.  20  to  Rs.  30  per  acre  for  the  poor  varieties,  but  Rs.  100  to 
Rs.  150  for  the  better  types.  Naik  (1949)  states  that  at  Kodur  a  red-fleshed  variety- 
yields  more  than  700  fruits  a  year.  Allahabad  varieties  about  500,  and  a  seedless 
variety  about  125. 

Roy  and  Ahmed  (1951)  report  that  at  Sabour,  Bihar,  three  varieties  yielded 
from  about  264  to  328  lbs.  per  tree,  while  the  seedless  yielded  only  164  lbs.  As 
the  trees  were  small  they  could  probably  be  planted  20  ft.  apart,  which  would 
mean  up  to  16  tons  per  acre,  in  two  crops  each  year. 


While  the  guava  is  not  a  fruit  of  the  highest  quality,  it  is  very  popular  as 
a  fresh  fruit,  as  well  as  for  the  manufacture  of  jelly  and  other  products.  It  is  a 
valuable  food,  but  the  actual  composition  varies  greatly.  Thompson  (1914)  re¬ 
ports  the  following  analysis  of  two  varieties,  in  percentages:  edible  portion,  84v 
87;  total  solids,  17.78,  18.75;  ash,  .531,  .676;  acids  as  sulphuric,  .363,  .451;  pro¬ 
tein,  1.125,  1.525;  reducing  sugar,  6.61,  5.73;  sucrose,  .77,  2.53;  total  sugar,  7.38. 
8.26;  fat,  .524,  .412;  and  fibre,  4.445,  5.105.  This  may  be  contrasted  with  an 
anal)sis  in  California,  reported  by  Popenoe  (1920)  showing  no  sucrose,  and  only 
5.45  per  cent,  total  sugar.  Oppenheimer  (1947)  reports  only  4.8%  sugar. 


The  growth  period  of  the  fruit  in  South  Africa  varies  from  115  to  280  days, 
according  to  Le  Riche  (1951).  He  found  that  in  the  ripe  fruit  the  sugar  is  prac¬ 
tically  all  fructose.  The  ascorbic  acid  increases  very  slowly  for  about  100  days 
after  setting  and  then  rapidly  until  full  maturity.  The  weight  of  the  fruit  of 

different  varieties  and  in  different  places  varied  from  76.3  to  116.9g.  (about  2  to 
4  ounces) . 


The  outstanding  value  of  the  guava  as  a  source  of  vitamin  C  has  been 
recog„,2ed  by  workers  in  India  and  other  countries.  Aykroyd  (1941 )  reports  299 
milligrams  per  100  grams,  as  compared  with  from  31  to  68  mg.  in  citrus  fruits. 

fruit 'had  0n  I  ”  /1941'  ,f°Un<1  300  10  450  mg'  in  riPc’  firm  fruit.  while  green 

(1946^d  h  '  r  eSSj  °Ver'rIpe’  soft  fruit  on'y  50  to  100.  Le  Riche 

acid  t  ’•  a’  •0U"d  °"  y  msignificanl  Ganges,  with  a  tendency  for  ascorbic 

acid  to  increase  during  ripening  in  early  varieties,  but  to  decrease  in  late  varie" 

surfaceETd  rip\  1  d  dr0ppcd  '°  lhe  ground  without  injury  to  the 

rface,  had  as  much  as  at  earlier  stages.  Golbere  and  Lew  (loin  '  , 

proportion  of  ascorbic  acid  in  the  skin,  outer  pulp,  and  inn  ',  pulp  l0  |)e  5  .  f 

hut  Webber  (1941)  quotes  Boyes  and  de  Villiers  as  nlacL  .h  ,  V  ’ 

Africa  :  l/r  ,hat  th<!  ^  tZi 

Webber  (1942,  19-14)  reports  that  in  tests"  f ‘'amm  C  ,han  *he  wlnte-fleshed,  but 
at  Riverside,  California  the  Rolf  •  t  a  «  Vanet*es  *n  ^41  and  19  in  1942, 
In  1941  this 

carp,  while  in  1942  another  man  made  th  ^  10°  CC  °f  peel  and  Peri’ 

100  g.  The  other  varieties  Z  s«m  d  “ T  "TT  ^  319  ”*  P» 

ed  t0  contain  much  less  in  1942.  It  is  not 
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known  whether  the  differences  were  due  to  the  analytical  methods  used  or  to 
environmental  or  seasonal  differences.  There  were  large  differences  between 
varieties,  even  between  8  which  were  seedlings  of  one  open-pollinated  fruit.  No 
correlation  vs  as  found  between  ascorbic  acid  and  colour  of  flesh,  acidity  judged 
by  taste,  or  season  of  ripening.  The  late  ripening  fruits  within  a  variety  seemed 
to  have  somewhat  more  than  those  ripening  earlier.  The  highest  concentration 
seemed  to  be  just  before  the  fruits  begin  to  mellow.  Cruess  and  others  (1945) 
surveyed  25  varieties  at  the  same  station  and  found  the  vitamin  C  to  vary  from  55 
to  529  mg.  per  100  g.  Hayward  (1942)  reports  a  greater  range  found  by 
workers  in  Florida,  where  several  types  varied  from  37  to  about  1,C0»)  mg.  per 
100  g.  of  fruit,  averaging  564.  Van  der  Merwe  (1944)  found  that  vegetatively  prop¬ 
agated  varieties,  selected  for  their  quality,  contained  more  ascorbic  acid  than 
seedlings.  Similarly,  Le  Riche  (1946)  found  that  of  7  varieties  studied  in  South 
Africa,  the  Frank  Malherbe,  a  late  variety  with  deep  red  flesh  was  the  largest,  had 
the  highest  percentage  of  outer  flesh  (63+_4.568,  compared  with  a  minimum  of 

43.5  +  2.39)  and  the  highest  ascorbic  acid  content  (960+213  mg.  per  100  g.,  com¬ 
pared  with  a  minimum  of  118.4  +  24.02).  But  it  had  the. least  fructose  at  maturity 
(4.4%,  while  the  highest  was  6.24%).  In  Australia,  the  Division  of  Pood  Pres¬ 
ervation  (1945)  reports  a  range  of  from  100  to  500  mg.  per  100  g.,  with  the 
pink-fleshed  varieties  tending  to  contain  more  than  the  white. 

The  content  of  other  vitamins  is  much  less.  Miller  and  Bazore  (1945) 
state  that  the  guava  in  Hawaii  is  a  fair  source  of  vitamin  A,  but  a  poor  source 
of  thiamine.  Campos  (1943),  however,  claims  that  in  Brazil  it  is  a  good  source 
of  both  thiamine  and  riboflavin.  Miller  and  Bazore  say  it  contains  much  iron, 
but  that  80%  of  this  is  in  the  seeds,  and  not  utilizable.  It  is  a  fair  source  of 


calcium  and  phosphorus. 

The  vitamin  C  in  the  guava  is  largely  retained  in  various  products.  Gob 
berg  and  Levy  (1941)  found  200  to  300  mg.  per  100  g.  in  canned  selected  firm 
fruits.  By  quartering  the  fruits,  blanching  them  for  two  minutes  and  drying  at 
128  to  136°F.  for  10  to  12  hours,  they  produced  a  powder  with  a  pleasant  odour 
and  practically  no  taste,  containing  up  to  4,500  mg.  per  100  g.  Webber  also 
prepared  an  attractive  dehydrated  product  in  preliminary  experiments,  varying 
from  1-70  to  1,890  mg.  per  100  g.,  the  variation  illustrating  the  importance  of 
using  the  proper  technique.  Unsatisfactory  methods  may  account  for  the  tact 
that  Naik  (1943)  reports  only  from  280  to  580  mg.  per  100  g.  in  guava  our 
made  from  six  varieties.  Webber  also  kept  a  Frozen  puree  for  two  and  a  ha 
years,  after  which  it  still  had  a  flavour  like  the  fresh  fruit  and  contained  288  mg. 
of  vitamin  C  per  100  g.  Miller  and  Balzore  (1945)  found  that  guava  ju.ee  kept 
well  and  could  be  used  as  a  satisfactory  substitute  for  orange  or  tomato  juice  m 
.  ,  , .  Cruess  and  others  (1945)  describe  guava  paste,  pie,  jam,  jelly, 

rs  sz  3  — .  ..i  — .  <-»  - 

Tl,,y  I«".d  U»1  ■  ■»>!> 

Guava  jelly  is  an  important  product  in  India,  and  in  some  other  countries 
i9  the  fornTin  which  the  fruT,  is  most  commonly  used.  The  better  Indian  vane- 
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lies  do  not  contain  enough  acid  to  make  a  good  jelly  without  the  addition  of  acid, 
and  are  likely  to  have  only  a  fair  amount  of  pectin.  The  sour  types,  less  desirable 
as  fresh  fruit,  are  better  for  jelly,  and  Abbott  (1931)  states  that  in  some  the  acid 
and  pectin  are  so  concentrated  that  three  times  the  weight  of  sugar  may  be  added 
to  the  juice,  yielding  350  lbs.  of  jelly  from  100  lbs.  of  fruit.  A  rather  large, 
industry  has  grown  up  in  Cuba,  based  on  the  wild  guavas  growing  there.  Accord¬ 
ing  to  Coit  (1945),  one  factory  shipped  250,000  lbs.  of  concentrated  jelly  base 
and  3,000,000  lbs.  of  other  guava  products  in  1944,  including  jam,  syrup,  jelly, 
dried  powder,  juice  and  paste.  Other  factories  processed  from  8  to  10  million 
pounds.  Ruehle  (1948)  states  that  guavas  freeze  exceptionally  well,  and  that  the 
frozen  product  is  practically  indistinguishable  from  the  fresh  fruit. 


Insect  pests  play  a  comparatively  unimportant  part  in  guava  cultivation. 
The  worst,  in  Uttar  Pradesh,  is  the  bark-eating  caterpillar,  Indarbela  tetraonis, 
which  has  been  mentioned  as  a  pest  of  the  mango  and  citrus  fruits.  It  seems  to 
prefer  the  guava  to  all  other  hosts,  and  is  frequently  found  in  large  numbers  in 
neglected  orchards.  It  probably  contributes  to  their  deterioration,  although  the 
exact  extent  of  the  damage  is  difficult  to  assess.  The  guava  scale,  Pulvinaria 
psidii,  is  said  to  be  the  only  serious  pest  in  Bombay  (Cheema  and  Deshmukb, 
1927)  where  the  method  of  control  recommended  is  spraying  twice  with  fish-oil 
rosin  soap,  one  pound  to  8  gallons  of  water,  or  with  crude  oil  emulsion,  15  pounds 
to  100  gallons  of  water.  On  the  only  occasion  this  scale  has  been  noticed  in 
Allahabad,  it  was  parasitized  by  chalcids,  which  may  explain  the  fact  that  it  is 
not  a  serious  pest  there.  Other  scale  insects  reported  on  the  guava  by  Rahman 
and  Ansari  (1941)  are  Aonidiella  aurantii,  A.  orientalis  and  Aspidiotus  destructor . 
Ansari  (1947)  says  that  the  last  is  generally  under  natural  control  in  the  Punjab, 
but  sometimes  causes  severe  damage.  To  control  it  he  recommends  the  inspec-  ' 
tion  of  nursery  stock,  and  where  necessary  spraying  with  2  or  3  lbs.  of  fuel  oil  in 
4-4-50  Bordeaux  mixture,  or  with  rosin  wash.  Ibrahim  (1943)  reports  the  fruit¬ 
sucking  moths  and  scale  insects  as  pests  in  Madras.  Fruit  flies  cause  damage  to 
the  ralny  season  p  ;  Uttar  Pradesh  and  in  some  other  places.  Oppenheimer 
(1947)  says  that  the  Mediterranean  fruit  fly  is  the  most  important  pest  in  Pales. 

b2  1  r  Tf,  be  kept  l0W  hy  harvesting  the  crop  frequently  and 
’e  1S  "  y  npe-  l-arvae  of  two  moths  are  potential  pests.  Mitra 

r  lr  ,  reTi  Tar“gama  Siva’  a  1>est  of  acacias-  eating  ‘he  leaves  of  guava  in 
horinv  a’in"  le  T”  (l945)  noled  a  Pest  of  castor,  Dicliocrocis  punctiferalis 

me XS  b  1  T  fTrt.  m  Fer°ZeP°re’  PUniab-  °ther  —  I*-  include 

serious  An  ,m-d  ,  r  1  6  P°megrana,e  butte,%  hut  none  of  these  is  commonly 

ious.  An  unidentified  insect  makes  ImUc  «.u  i  ' 

Allahabad,  sometimes  reducing  the  leaves  to  lace  *  T**  C°",m0"1>'  a™"d 

causing  the  damage  and  in  crT  i  •  As  no  insects  have  been  seen 

fall  out,  a  vrus  ^  nutritionaTdT8  "  SPOtS  appCar  “d  the  tisSUe  -ms  to 
was  protected  by  wire  screen  theleaT  S.U&I?Cted‘  But>.'vhfn  a  y°ung  plant 
plant  a  few  feet  away  were  attacked  so?  "hole  while  tnose  of  a  similar 

insect.  ’  ‘  at  east  ^  factor  seems  to  be  some 
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At  least  one  serious  disease  occurs  in  Uttar  Pradesh,  but  it  has  not  been 
fully  studied.  It  was  noticed  in  the  Babakkarpur  section  of  Allahabad  about 
1935,  when  the  growers  said  it  was  of  recent  origin.  A  few  years  later  it  was 
noticed  near  the  Agricultural  Institute.  Branches  wither  and  die,  one  after 
another,  and  in  a  few  weeks  or  months  a  tree  which  had  seemed  entirely  healthy 
will  be  dead.  The  disease  seems  to  spread  to  near  by  trees,  but  sometimes 
appears  also  at  some  distance.  The  spread  and  development  is  most  rapid  during 
the  rainy  season.  Examination  showed  that  the  cambium  layer  was  discoloured, 
and  a  fungus  isolated  from  this  tissue  was  identified  as  a  species  of  Cephalo- 
sporium.  The  mode  of  infection  and  methods  of  control  remain  to  be  discovered. 
In  the  meantime,  it  seems  wise  to  remove  trees  as  soon  as  symptoms  are  dis¬ 
covered  and  it  may  be  well  to  remove  neighbouring  trees  also,  in  an  attempt  to 
prevent  the  spread  of  the  disease.  As  similar  symptoms  have  been  observed  in 
other  parts  of  the  state,  the  disease  or  a  similar  one  is  widespread.  Gupta  and 
Rai  (1947)  report  a  disease  with  what  seem  to  be  the  same  symptoms  in  Lucknow, 
which  they  call  wilt.  They  found  a  species  of  Fusarium  abundant  in  the  soil 
around  the  diseased  trees,  and  were  able  to  induce  symptoms  in  from  80  to  100% 
of  the  seedlings  inoculated  with  this  fungus,  while  the  controls  remained  healthy. 
Work  in  progress  seems  to  indicate  that  the  fungus  produces  some  toxic  substance. 
A  more  general  study  has  been  conductetd  by  the  Government  of  Uttar  Pradesh 
since  1947.  The  disease  is  said  to  be  severe  (15  to  30%  of  the  trees  being 
affected)  in  the  Allahabad,  Farrukhabad,  Lucknow,  Faizabad  and  Unnao  districts; 
ordinary  (5-15%)  in  Kanpur  and  Jaunpur;  and  mild  (less  than  5%)  in  Gorakh¬ 
pur,  Ballia,  Hardoi,  Barabanki,  and  Banaras.  In  the  badly  infected  districts  it  is 
estimated  that  from  5  to  10%  of  the  guava  trees  are  being  killed  each  year.  In¬ 
oculations  with  species  of  both  Fusarium  and  Cephalo  sporium  have  caused  the 
disease,  and  a  species  of  Pestalotia  is  also  found  in  the  diseased  plants.  The 
disease  seems  to  occur  on  soils  with  a  pH  above  7.5  and  to  be  moie  se\eie  on  the 
more  alkaline  soils,  up  to  a  pH  of  about  9  (Mehta,  1951). 


One  tree  with  similar  symptoms  in  Allahabad  was  found  to  be  affected  by 
Macro phomina  phaseoli  ( Sc.lerotium  bataticola )  which  commonly  afiects  non- 

woody  plants. 

A  species  of  one  of  the  genera  connected  with  wilt,  Pestalotia  psidii,  is  re- 
ported  by  Patel  and  others  (1950)  as  causing  guava  canker  in  Bombay.  Green 
fruits  are  attacked,  and  while  the  infection  is  shallow,  their  appearance  is  damaged. 
Ripe  fruits  and  leaves  are  rarely  attacked.  Much  difference  in  susceptibility  was 
observed  among  varieties.  The  optimum  temperature  for  the  fungus  growing  on 
a  suitable  medium  was  found  to  be  26  to  30°  C.  (79  to  86  F.). 

In  the  western  districts  and  in  the  tarai  region  of  Uttar  Pradesh  anthrac 
nose  of  the  guava  is  reported  to  be  a  serious  problem.  Mehta  (1951)  reports  t  at 
this  is  caused  by  Colletotrichum  psidii  and  that  the  fungus  may  be  earned  from 
season  to  season  on  mummified  fruits.  The  ^ptom,  va^ and  are  —  only 
on  the  crop  ripening  in  the  rainy  season.  Bose  and  Mehtc 


and  other  minor  diseases. 
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Chapter  xviii 

THE  LITCHI 

One  of  China’s  best  gifts  t9  India  and  other  subtropical  regions  is  the  litchi. 
This  is  a  fruit  of  excellent  quality  and  appeal^  immediately  to  practically  everyone 
who  tastes  it.  Unfortunately,  the  climatic  conditions  under  which  it  is  com¬ 
mercially  successful  are  rather  limited,  both  in  India  and  in  the  world.  It  is 
indigenous  to  southern  China,  and  the  most  important  centre  of  production,  by 
far,  is  that  region,  particularly  the  provinces  of  Kwangtung  and  Fukien,  where  it  is 
the  most  important  fruit.  India  probably  ranks  second,  with  important  centres  in 
north  Bihar,  where  there  are  23,616  acres,  according  to  Roy  (1950),  about  a  third 
of  the  acreage  being  in  Muzaffarpur  district;  the  submontane  districts  of  Uttar 
Pradesh,  where  there  are  348  acres  according  to  Chand  (1943);  and  near 
Hooghly  in  Bengal.  Naik  (1949)  says  there  are  probably  not  more  than  100 
litchi  ttees  in  South  India,  although  they  thrive  all  over  the  plains  and  up  to  a 
height  of  3,500  ft.,  doing  best  on  the  humid  hill  slopes.  It  is  occasionally  found  in 
Burma.  In  South  Africa  some  16,000  trees  were  reported  in  1934,  and  about  38,600 
in  1946,  with  prospects  of  another  30,000  by  1956,  according  to  Marloth  (1947  B). 

There  are  very  small,  but  increasing,  acreages  in  Hawaii  and  Florida. 

* 

The  litchi  has  had  a  long  and  honourable  history  in  China,  where  it  has  been 
carefully  cultivated  and  greatly  appreciated  for  many  centuries.  The  first  reference 
to  this  fruit  in  literature  may  be  as  early  as  1766  B.C.,  but  this  is  questionable. 
There  can  be  no  doubts  as  to  a  reference  in  the  literature  of  the  Han  dynasty  (140  to 
86  B.  C.).  A  monograph  on  the  litchi  written  by  Ts’ai  Hsiang  in  1059  A.  D.  is 
considered  the  first  publication  in  the  world  devoted  to  fruit.  Groff  (1921),  whose 
book  is  the  most  complete  work  on  the  litchi  in  English,  lists  eight  other  monographs 
published  by  1826.  These,  and  the  numerous  poems  and  works  of  art  featuring 
the  litchi  give  some  indication  of  the  place  this  fruit  played  in  the  life  of  South 
China. 


Apparently  the  litchi  reached  Burma  and  eastern  India  by  the  end  of  the 
17th  century  or  shortly  thereafter.  Roxburgh  reported  receiving  specimens  from  old 
trees  in  the  Garo  hills,  while  the  trees  in  Bengal  were  still  small.  The  litchi  had 
reached  the  West  Indies  by  1775,  the  Hawaiian  Islands  about  a  century  later,  and 
Honda  by  1883.  It  reached  Europe  early  in  the  19th  century,  but  has  never  sue- 

non;  ‘  *af  inr,roduced  imo  NataI  abo«  1869,  according  to  Marloth,  but 

:  :  m  1  i1  Tr  .th\LoWV,eId  of  easlern  Transvaal,  where  its  greatest  develop- 
ment  in  South  Africa  has  taken  place. 

family  °rjSoa[,berr>’  family-  to  ‘he  litchi  belongs,  is  a  large 

am  y,  mostly  tropical  and  subtropical,  with  only  a  few  members  of  much  hor- 

.cultural  .merest.  Four  of  these  are  in  the  subfamily  Nephelieae,  the  litchi  and 

cal  wl  alSUdhr°- 10  Wnh  ‘‘"a  free’  a"d  ‘he  ramhuta"  “d  being  roph 

cal  w,  I,  arils  adhering  to  the  seed.  All  four  were  formerly  classified  in  one  genus 

NcpheUum,  and  this  is  still  done  by  some,  bu,  the  modern  tendency  is  to  rScrve 
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t  ns  genus  for  the  rambutan,  /V.  lappaceum  and  the  pulasan,  N.  mutabile .  The  litchi 

then  becomes  Litchi  chinensis  instead  of  Nephelium  litchi ,  and  the  longan  becomes 

Luphona  longana.  Dimocarpus  litchi  and  D.  longan  are  also  synonyms.  A  more 

tropical  species,  Litchi  philippmensis,  is  of  comparatively  little  value,  except  possibly 

as  a  rootstock  for  L.  chinensis.  Other  fruits  in  the  family  are  the  akee,  BligHia 

sapida,  of  Africa,  and  an  American  species,  Melicocca  bijuga.  Here  also  is  classihed 

the  lutqua,  Pierardia  sapida,  a  small  tree  considered  indigenous  to  Assam  and  Burma. 

The  fruit  has  a  yellow  skin,  and  is  said  to  resemble  the  loquat.  Opinions  differ  as  to 

its  value,  *  some  considering  it  equal  to  the  litchi,  and  others  as  of  very 
poor  quality. 

The  longan  or  lungan  is  commonly  grown  along  with  the  litchi  in  China  and 
hi le  it  is  a  smaller  fruit,  and  generally  considered  distinctly  inferior  to  it,  it  has 
the  advantage  of  ripening  after  the  litchi  is  off  the  market.  DeCandolle  considered 
it  a  native  of  India  and  reported  that  it  grew  wild  from  Ceylon  and  the  Konkan  to 
the  mountains  to  the  east  of  Bengal  and  in  Pegu,  Burma.  The  Chinese  are  said  to 
have  introduced  it  into  the  Malaya  Archipelago  and  China.  Naik  (1949)  states  that 
there  are  only  a  dozen  trees  of  rambutan  in  South  India,  but  that  they  thrive  on  the 
lower  slopes  of  the  Nilgiris,  and  as  the  fruits  are  of  good  quality,  preferred  by  some 
to  the  litchi,  their  cultivation  should  be  greatly  extended.  He  states  that  the  female 
trees  seem  to  set  fruit  by  self-pollination,  although  Ochse  (1931)  states  that  tFe 
anthers  on  the  staminodes  of  the  female  flowers  are  sterile. 

t 

The  English  name  comes  from  the  Chinese,  and  has  been  pronounced  in  two 
ways  and  spelled  in  many.  The  Chinese  name  is  written  in  the  same  way  through¬ 
out  the  country,  but  in  South  China  the  first  syllable  is  pronounced  like  the  word 
“lye’  while  in  Mandarin  both  syllables  rhyme  with  ‘me’.  Arguing  that  the  pronun¬ 
ciation  should  be  that  used  in  the  great  litchi-growing  region,  Groff  spells  the  name 
‘lychee’,  but  this  has  not  been  widely  adopted.  The  other  pronunciation  is  exclu¬ 
sively  used  in  India.  The  phonetic  spelling,  ‘lichi’  is  sometimes  used,  but  ‘litchi’ 
has  the  advantage  of  being  identical  with  the  name  of  the  genus,  which  cannot  be 
changed,  and  is  well  established.  Other  forms  which  have  been  used  include  lici , 
‘licy’,  ‘li-chi’,  ‘lichea’,  ‘lichee’  and  ‘leechee’. 

The  litchi  region  of  China  has  a  moist  subtropical  climate,  and  this  appears 
to  be  very  satisfactory.  The  limiting  factors  appear  to  be  frost  in  winter  and  dry 
heat  in  the  summer.  The  exact  amount  of  frost  which  the  tree  will  stand  depends 
on  several  factors,  such  as  the  variety,  age,  and  condition  of  the  plant.  Groff  (1921) 
mentions  a  ‘mountain’  type  of  litchi  which  is  more  hardy  to  frost,  but  has  a  fruit  of 
poor  quality.  There  is  also  a  difference  between  commercial  varieties,  ^oung  trees 
need  protection  for  several  years  where  there  is  danger  of  any  frost.  Frees  which 
have  been  kept  dormant  by  continued  cool  weather  are  less  subject  to  damage  than 
those  in  flush.  Groff  (1921)  reports  that  at  Saharanpur  little  damage  was  said  to 
have  been  done. by  a  temperature  of  21°  F.,  but  temperatures  this  low,,  or  a  few 
degrees  higher  have  killed  trees  to  the  ground  in  other  places.  The  intensity  of  sun¬ 
light  is  also  a  factor.  Croff  (1943)  states  that  young  trees  especially  are  harmed  by 
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intense  light,  and  recommends  that  seedlings  and  layers  should  not  he  exposed  to 
strong  sunshine  for  a  year  or  two. 

In  India,  the  limiting  factor  is  more  likely  to  be  dry  heat  while  the  fruit  is 
ripening,  especially  when  accompanied  by  wind.  The  lu  which  blows  at  just  this 
period  over  much  of  Uttar  Pradesh  is  likely  to  prevent  the  successful  culture  of  the 
litchi  in  a  region  which  might  otherwise  be  well  suited.  It  lias  been  suggested  that 
with  wind-breaks  this  difficulty  might  be  overcome,  but  this  is  doubtful.  Under  these 
desiccating  conditions,  the  fruit  is  likely  to  crack  before  it  is  fully  ripe,  and  then 
rapidly  to  spoil.  While  the  rainfall  in  the  China  litchi  region  is  about  60  inches  a 
year,  and  high  humidity  is  the  rule  (between  69  and  84%  at  Canton),  these  condi¬ 
tions  do  not  seem  to  be  necessary.  In  northern  India  rainfall  and  humidity  are 
much  less,  and  where  irrigation  is  possible,  are  probably  not  limiting  factors. 


The  litchi  grows  well  under  a  variety  of  soil  conditions,  but  seems  to  prefer 
a  fairly  deep  loam.  In  Florida  and  India  it  has  done  well  on  sandy  loam,  but  a 
considerable  proportion  of  clay  may  be  an  advantage.  Vyas  (1938)  notes  that  the 
lime  content  of  the  best  litchi  regions  of  Bihar  is  high,  about  30%,  and  suggests  that 
in  regions  where  lime  is-deficient,  it  may  be  desirable  to  add  it  to  the  soil.  On  the 
other  hand,  the  litchi  has  failed  on  the  limestone  land  of  southern  Florida,  but  this 
may  be  because  there  only  a  very  thin  layer  of  soil,  or  none,  is  found  above  the  soft 
limestone.  Preference  for  an  acid  soil  is  suggested  by  an  experiment  reported  by 
Coville  (1921).  In  the  greenhouses  of  the  Department  of  Agriculture,  Washington, 
D.C.,  seedling  litchis  were  potted  in  ordinary  potting  soil,  and  in  a  soil  consisting  of 
two  parts  peat  and  one  part  clean  sand.  The  seedlings  in  the  acid  soil  not  only 
made  a  much  better  growth  of  stem  and  root,  but  the  roots  were  covered  with 
tubercles  filled  with  mycorhizal  fungi.  Groff  does  not  give  the  reaction  of  the  litchi 
soils  in  China,  and  was  not  aware  of  the  presence  of  tubercles  on  the  roots  of  the 
trees  theie.  Marloth  (1947  B)  states  that  in  South  Africa  litchi  trees  make  much 
more  vigorous  growth  on  acid  than  on  neutral  or  slightly  alkaline  soil.  He  advocates 
the  use  of  soil  from  under  old  trees  for  propagating  new  ones,  to  assure  the  presence 
of  the  mycorhizal  fungi.  It  would  seem,  however,  that  the  litchi  is  probably  capable 
of  growing  well  on  either  acid  or  basic  soils.  The  Chinese  are  said  to  believe  that 
the  nature  of  the  soil  has  a  marked  influence  on  the  quality  of  the  fruit. 

Propagation  And  Culture 


..  ,  .  kayeritip  and  aii-la)eiing  aie  the  most  common  methods  of  propagating  the 
Uc  and  are  fa, rly  satisfactory,  although  they  do  no,  seen,  to  produce  J  strong  a 

of  Sou,S  ThaS  ,a't  ",e  Seedling  treeS-  They  are  aasi,>'  i»  the  moist  climate 
,  in iq ,  infan.  y®  verV-  common  there  as  well  as  in  other  countries.  Li  and  Li 

third  of  t  hV"  t  ri"S  °l  hark  inCh  Wide  is  removed  from  a  branch  one 
th.dof  an  inch, „  two, nches  in  diameter.  A  mud  ball  containing  rotted  plan, 

good 'success  ^in  40  "da"'^  T  "  kePt  °n  the  ^  f°r  al,0Ut  100  da>  s'  They  had 

treated  with  tung  oil,  withouTwaterinT  moss  wraPPed  in  heavy  paper 

ut  watering.  This  oiled  paper  is  less  expensive  than  the 
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plastic  wraps  used  by  Grove  (1946)  in  Florida.  L.  B.  Singh  (1951  A)  used  terminal 
branches  18-24  inches  long,  preferably  with  a  fork  near  the  top.  He  removed  a  ring 
of  bark  an  inch  wide,  and  scraped  the  wood  to  remove  all  the  cambium  layer.  The 
branch  was  treated  with  a  hormone  preparation,  Rootone,  and  the  base  above  the 
wound  was  covered  with  damp  sphagnum  moss  and  wrapped  with  plastic  material. 
After  two  months  the  layers  were  removed  and  grew  well.  The  use  of  plant  hormones 
•in  preparing  litchi  layers  is  also  recommended  by  Marloth  (1947  B).  Layered  trees 
come  into  bearing  in  from  three  to  six  years.  If  seedlings  are  grown,  the  seed  must 
not  be  allowed  to  become  dry,  as  it  loses  its  viability  if  exposed  to  the  air  for  four  or 
five  days.  By  leaving  it  in  the  fruit,  or  keeping  it  in  moist  packing  material,  it  may 
be  kept  for  about  two  months.  The  seedlings  grow  slowly,  and  do  not  bear  until 
from  8  to  12  years  of  age,  or  even  older.  ,  There  is  great  variation  among  seedlings, 
so  that  their  use  is  not  to  be  recommended. 


Other  methods  of  propagation  are  possible,  but  are  not  commonly  used. 
Inarching  is  comparatively  easy,  and  is  used  to  a  slight  extent  by  the  Chinese. 
Grafting  is  also  used  in  China,  especially  for  top-working  old  trees,  and  has  been 
extensively  tried  in  Hawaii,  with  fair  success.  Budding  was  unknown  to  the  Chinese, 
but  has  been  used  with  some  success  in  Hawaii  and  the  Philippines.  Litchi  seedlings 
may  be  used  as  stock.  The  longan  at  first  gave  promise  of  being  a  suitable  stock, 
but  trees  budded  or  grafted  on  it  have  either  died  soon,  or  failed  to  produce  much 
fruit.  There  is  room  for  further  experimentation  with  other  relatives  as  stock. 
Softwood  cuttings  may  be  grown  with  bottom  heat  and  carefully  controlled  condi¬ 
tions.  Sen  (1941,  C)  reports  excellent  results  in  inducing  rooting  by  treating  two- 
year-old  cuttings  for  about  24  hours  with  from  50  to  100  mg.  of  indole-butyric  acid 
per  litre  of  water.  Stronger  solutions  or  longer  treatment  had  a  retarding  effect,  and 
younger  wood  was  less  suitable. 


Layering  may  be  carried  out  in  India  in  the  hot  weather,  or  during  the  rainy 
season.  Vyas  (1938)  recommends  the  former  season,  so  that  the  plants  may  be 
separated  from  the  parent  tree  in  August,  kept  in  a  nursery  for  about  a  month,  and 
set  out  by  the  beginning  of  October.  Air-layering  may  also  be  done  during  the  mon¬ 
soon  but  Vyas  recommends  that  it  be  started  about  the  middle  of  August,  and  that 
the  layers  be  removed  to  the  nursery  by  the  end  of  October,  and  put  in  permanent 
positions  at  the  beginning  of  the  next  monsoon.  In  either  case,  plants  may  be  held 
in  the  nursery  for  another  year  if  this  is  desired. 

In  China  the  litchi  is  most  commonly  grown  on  low  land  with  dykes  to  hold 
the  rivers  back,, and  may  be  planted  on  the  dykes.  Such  trees  may  have  their  roots 
submerged  for  periods  of  10  days  or  two  weeks  during  the  flood  season  w.thcm 
serious  injury  But  sueh  trees  never  reaeh  the  size  of  those  on  h.gher,  better  d  a.ned 
Mih  and  may  be  planted  a,  a  distance  of  20  to  25  feet  apart.  Or  they  may  be  ,dan  ed 
on  raised  beds  with  deep  ditches  about  30  to  40  feet  apart  for  dramage.  A  rov 
of  trees  is  planted  on  either  side  of  the  bed,  resulting  in  considerable  crowd, ng.  On 
upland  land,  the  trees  are  planted  in  orchard  form,  at  leas,  30  feet  apa, 
should  be  the  minimum  distance  wherever  the  htch,  grows  well.  Marloth  (1917  ) 
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recommends  a  spacing  of  at  least  40  feet,  and  under  the  best  growing  conditions,  of 
50  feet.  In  drier  regions,  where  it  may  be  desirable  to  crowd  the  trees  somewhat 
for  greater  protection  from  the  desiccating  wind,  it  may  be  well  to  reduce  the  dis¬ 
tance  to  25  feet. 

As  the  litchi  is  grown  in  China,  cultivation  is  reduced  to  the  minimum.  When 
the  trees  are  planted  on  dykes  or  raised  beds,  little  can  be  done  be)ond  removing 
weeds,  and  even  when  they  are  set  in  regular  orchards,  little  cultivation  is  given 
after  they  are  mature.  Under  Indian  conditions,  cultivation  similar  to  that  given 
the  mango  is  probably  desirable,  remembering  that  the  litchi  is  rather  shallow- 
rooted,  so  that  deep  tillage  is  dangerous.  Because  of  this  factor,  Marloth  is  opposed 
to  ploughing  in  a  litchi  orchard. 

Irrigation,  on  the  other  hand,  is  important  under  Indian  conditions,  except 
where  the  rainfall  is  heavy.  In  Bihar,  where  the  climate  is  favourable,  and  the 
soil  fairly  retentive,  mature  orchards  are  not  ordinarily  irrigated,  but  it  is  recognized 
that  rain  late  in  May  is  helpful  and  irrigation  at  that  time  would  probably  be  an 
advantage.  In  Uttar  Pradesh  it  is  ordinarily  necessary  to  irrigate  from  January 
until  the  rainy  season,  as  that  is  the  time  the  fruit  is  being  formed  and  ripening,  and 
as  rain  is  not  ordinarily  expected  during  these  months.  Judging  from  the  conditions 
under  which  litchis  are  grown  in  China,  there  Is  no  danger  of  giving  them  too  much 
water. 


Manuring  is  considered  very  important  by  the  Chinese,  who  use  night  soil 
very  largely  for  this  as  for  other  crops.  Groff  (1921)  reports  that  they  give  each 
tree  at  least  500  pounds  of  this  rich  fertilizer  every  year.  In  order  to  overcome  the 
tendency  for  the  young  plant  to  grow  slowly,  Marloth  recommends  liberal  manur¬ 
ing  in  the  hole  in  which  the  tree  is  to  be  planted,  and  continued  manuring  during 
the  life  of  the  tree.  He  says  that  while  the  exact  requirements  are  not  known,  krall 
(farmyard)  manure  is  good  and  may  be  applied  at  the  rate  of  50  lbs.  per  young 
tree  up  to  500  lbs.  per  tree  of  20  years  or  more.  In  India  the  litchi  is  grown  for 
the  most  part  on  naturally  fertile  soil,  and  little  or  no  manure  is  given.  Even  on  the 
best  sod,  however,  better  results  might  be  possible  with  judicious  fertilisation,  and 

use  of  lelf”  !T  15  Tre  nec;ssary-  Vy™  is  g™und  when  he  advocates  the 

u  e  of  leaf  mould  or  farmyard  manure  than  when  he  recommends  the  addition  of 

t  t  Ta';r-  ’  a  W°°,  aSh-  *  needed  to  show  whether  ,h 

m  J  altef  18  ^^icaHy  sound  or  not.  Most  farmers  would  find  it  difficult 
to  secure  the  eight  pounds  of  ash  per  tree  which  he  advises  m«  i  , 

on  soils  where  citrus  trees  show  signs  of  rinc  deftc  enev  th’  u  ' 

foliage  of  litchis  »nd  that  a  foliage  snnv  ,  r  '  It  ''r  6  °  bronz,nS  of  ‘he 

Hydrated  lime,  in  100  ga.^f  ™  4  *-  * 

Pruning  seems  to  be  relatively  unimportant  in 
ing  that  after  the  young  tree  has  been  given  a  good  framewort  IjT ™ 

customary  in  harvesting  to  W*L-  n(T  •  i  •  ?  mework,  tt,e  ls  needed.  It  is 

ter  of  fruit.  This  is  thought  to  cause  mch®S  of  the  branch  alonS  with  the  clus- 

the  next  year,  and  by  some  i  r  ‘A  e.gl0Wtl  new  twiSs  which  bear  the  crop 
,  by  some  rs  centered  necessary.  Groff  states  that  the  Chine* 
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do  some  pruning  early  in  the  winter,  but  does  not  indicate  the  nature  of  this.  Grant 
and  Williams  (1936)  recommend  the  removal  of  branches  when  crowding  occurs, 
and  state  that  in  Burma  both  branch  and  root  pruning  are  necessary  when  the  growth 
becomes  too  vigorous,  the  latter  being  practised  every  second  or  third  year.  Vyas 
states  that  heavy  pruning  is  done  only  when  the  trees  become  old  and  the  fruits  tend 
to  be  small.  This  rejuvenation  is  said  to  produce  large  fruits  for  a  couple  of 
>ears,  but  to  be  impracticable  commercially  because  of  the  small  yield  obtained. 

Serious  diseases  and  insect  pests  seem  to  be  remarkably  rare.  The  warm 
moist  climate  of  South  China  provides  the  conditions  favourable  to  many  fungi, 
but  even  there  no  disease  of  importance  has  been  reported.  India  also  seems  to 
be  free  of  fungous  diseases.  The  most  important  pest  is  the  mite  which  produces 
a  condition  called  leaf  curl  or  erinose.  Vigorously  growing  young  trees  are  most 
likely  to  be  attacked  and  seriously  damaged.  Nursery  stock  may  be  destroyed. 
The  mites,  which  are  whitish  and  so  small  they  cannot  be  seen  with  the  naked  eye, 
are  a  species  of  Eriophyes.  They  live  at  the  base  of  the  hairs  on  the  under  side  of 
the  leaf,  and  cause  a  brown  velvety  growth,  which,  with  the  curling  of  the  leaves, 
is  a  characteristic  sign  of  the  infestation.  At  first  pits  are  formed,  which  may 
develop  into  galls.  The  leaves  become  thickened,  and  curl  up,  sometimes  forming 
tight  rolls.  The  mites  suck  sap  from  the  leaves,  causing  them  to  dry  up.  The  mites 
then  move  to  new  leaves.  The  female,  according  to  Misra  (1912),  lays  her  eggs 
among  the  hairs.  The  nymphs  resemble  the  adults,  and  the  life  cycle  probably 
takes  only  a  couple  of  weeks.  Activity  starts  about  the  middle  of  March  and  lasts 
until  November.  The  adults  pass  the  winter  on  the  leaves. 


Control  of  the  mites  involves  the  removal  and  burning  of  infested  leaves, 
including  those  which  have  fallen,  the  banding  of  the  trees  in  order  to  prevent  the 
mites  climbing  up  from  the  ground,  and  spraying  with  a  contact  insecticide.  Misra 
recommends  spraying  in  May  and  November  with  crude  oil  emulsion  and  flowers 
of  sulphur,  but  found  kerosene  emulsion  or  even  soft  soap  a  satisfactory  substitute 
for  crude  oil  emulsion.  Groff  (1921)  reports  that  in  Hawaii  a  solution  of  nic¬ 
otine  sulphate  and  whale-oil  soap  gave  very  good  control,  better  than  either  sul¬ 
phur  dust  or  self-boiled  lime-sulphur  spray.  Roy  and  De  (1950)  report  that  at 
Sabour  the  mites  were  first  observed  in  1949,  and  then  on  only  the  Bedana  and 
Dehra  Rose  varieties,  out  of  ten  varieties  in  the  collection.  They  secured  good 
control  by  spraying  with  .5%  DDT  in  water,  at  a  cost  of  10  annas  a  tree,  including 


labour.  : 

Several  other  insects  have  been  reported  doing  slight  damage  to  the  litehi 

in  India,  including  the  bark-eating  caterpillar,  Indarbela  let  moms.  Rehman  an 

■\nsari  (1941)  report  the  scale,  Parlatoria  pseudopyn,  on  the  litehi.  In  China  the 

^ost  serious  insect  pes,  is  a  ‘stink  bug’,  TessartUoma  papillosa,  which  causes  the 

fruit  to  decay,  presumably  by  puncturing  the  skin.  Other  insects  eating  the  Icates 

or  fruit  or  boring  in  the  branches,  cause  some  damage  there  and  in  other  conn  ne  . 

B  rds  and  bats  often  cause  much  damage,  both  in  India  and  m  other  countries. 
Birds  and  hats  otten  often  the  only  defence 

Sometimes  trees  are  protected  by  means  oi  neun  e, 
is  an  attempt  to  scare  the  marauders  away. 
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1  Yield  and  Marketing 

1 

Numerous  small  inconspicuous  flowers,  without  petals,  are  borne  in  terminal 
panicles.  The  flowers  are  both  staminate  and  perfect,  while  pistillate  flowers  have 
also  been  reported.  In  northern  India  the  flowers  appear  in  February,  at  about 
the  same  time  as  those  of  the  mango.  Little  is  known  about  pollination,  which 
does  not  present  any  problem.  Presumably  the  ‘seedless’  fruits,  in  which  the 
seed  is  shrivelled,  result  from  a  lack  of  fertilization,  and  such  varieties  must  be  self- 
sterile,  and  perhaps  cross-sterile  also,  while  those  with  normal  seeds  are  probably 
self-and  cross-fertile.  It  is  thought  that  pollination  is  necessary  even  for  the  ‘seed¬ 
less’  type,  this  being  a  case  of  stimulative  parthenocarpy.  Insects  are  probably 
responsible  for  pollination.  Only  a  small  percentage  of  the  flowers  develop  into 
fruits,  twenty  fruits  to  a  panicle  making  a  good  crop. 

While  seedling  trees  are  slow  in  coming  into  bearing,  layers  should  begin 
bearing  in  from  three  to  six  years.  The  yield  should  increase  for  at  least  twenty 
years.  Under  favourable  conditions,  the  litchi  bears  heavily  and  regularly,  al¬ 
though  Stephens  (1935)  states  that  in  Queensland  a  crop  is  borne  only  once  in 
two  or  three  years.  He  indicates  that  an  average  crop  is  about  200  or  300  pounds 
per  tree,  the  same  figures  that  are  given  by  Popenoe  (1920)  for  Hawaii,  with  an 
occasional  yield  as  high  as  1,000  pounds.  Similarly,  Marloth  indicates  that  trees  39 
years  old  should  yield  at  least  250  lbs.  a  year.  Groff  states  that  in  China,  yields  up  to 
1,500  pounds  are  sometimes  obtained.  Vyas  states  yields  in  terms  of  the  number 
of  fruits  as  well  as  by  weight,  his  average  of  4,000  to  5,000  being  equivalent  to  his 
estimate  of  2  to  4  maunds  (164  to  328  pounds).  His  statement  that  an  individual 
tree  in  an  open  area  may  give  15,000  fruits  suggests  that  the  orchards  are  com¬ 
monly  too  crowded  for  the  best  results.  The  litchi  is  a  long-lived  tree,  and  al¬ 
though  references  in  Chinese  literature  to  trees  800  years  old  need  not  be  accept¬ 
ed  as  accurate,  it  seems  probable  that  trees  may  remain  in  profitable  bearing  for 
more  than  a  century.  Under  the  unusual  conditions  prevailing  at  Bangalore,  in 
South  India,  the  litchi  is  said  to  bear  two  crops  a  year,  in  May  and  December. 

As  has  been  indicated,  in  harvesting  the  whole  cluster  is  removed,  together 
with  a  bit  of  the  stem  and  some  leaves.  This  is  said  to  delay  the  wilting  of  the 
fruit.  For  the  local  market,  the  fruit  can  be  allowed  to  remain  on  the  tree  until 
fully  ripe  and  of  a  beautiful  red  colour.  For  shipping,  it  is  better  to  pick  it  when 
just  beginning  to  turn  red.  The  bright  red  colour  soon  becomes  a  less  attractive 
brown.  The  fruit  must  be  handled  carefully  to  avoid  breaking  the  skin.  It  is 
generally  packed  in  small  baskets,  which  should  be  not  more  than  10  inches  deep 
to  avoid  crushing  the  bottom  fruit.  Moss  or  the  leaves  of  trees,  used  as  packing 
material,  helps  the  fruit  to  reach  the  market  in  good  condition.  In  South  Africa 
he  ruit  is  dried  for  a  few  days,  removed  from  the  cluster  and  packed  in  excelsior. 

In  spite  of  the  perishable  nature  of  the  fruit,  the  Chinese  have  been  verv 
successful  m  transporting  it  all  over  their  country.  Even  in  the  davs  before  ' 

rear  «*-> 

m  the  north.  Wuh  refngeraUon,  the  litchi  can  be  kept  for  some  time  or  shipped 
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to  more  distant  markets.  Cheema  and  Karmarkar  (1939)  and  Karmarkar  and 
Joshi  (1940A)  were  able  to  keep  the  fruit  in  good  condition  for  three  months  at 
oO  to  45°  1 .  In  India,  up  to  the  present,  the  supply  is  not  large  enough  to  create 
a  serious  marketing  problem.  The  advantage  of  the  grower  marketing  his  crop 
without  the  aid  ol  a  contractor  is  indicated  by  Vyas  who  says  that  while  individual 
trees  have  been  known  to  produce  a  crop  sold  for  more  than  Rs.  100,  and  an 
average  crop  should  bring  from  Rs.  10  to  Rs.  20  per  tree,  the  crop  is  sold  to  a 
contractor  for  Rs.  2  or  3  per  tree.  The  contractor,  of  course,  runs  the  risk  of  the 
loss  of  part  or  all  of  the  crop  from  unfavourable  weather  conditions,  and  has  to 
guard  and  harvest  it. 

In  India,  the  litchi  is  eaten  almost  entirely  as  a  fresh  fruit,  but  in  China 
large  quantities  are  dried.  They  are  spread  out  in  bright  sun,  at  first  attached  to 
the  cluster,  but  for  the  final  stages  they  are  removed.  The  aril  shrinks  as  it  dries, 
separating  from  the  thin,  brittle  skin,  so  that  when  shaken  it  rattles.  About  two- 
thirds  of  the  weight  is  lost.  The  flavour  changes  completely,  but  is  still  pleasant, 
and  highly  regarded  by  the  Chinese.  If  weather  does  not  permit  sun  drying,  the 
process  is  carried  on  in  special  ovens.  The  product  is  not  only  used  when  the 
fresh  fruit  is  not  available,  but  is  shipped  all  over  the  world  where  there  are 
Chinese.  There  is  only  a  very  limited  market  among  other  people. 


The  litchi  makes  an  excellent  canned  fruit,  and  in  modern  times  a  consider¬ 
able  industry  has  been  developed  in  China.  This  product  has  a  much  wider  appeal 
than  the  dried  ‘nuts’.  Some  canning  has  been  done  in  India,  with  excellent  results. 
If  production  is  expanded,  this  seems  to  offer  a  means  of  profitably  marketing 
those  not  demanded  by  the  fresh  fruit  trade.  It  would  probably  be  possible  to 
develop  drying  also,  but  unless  the  Indian  people  become  fond  of  the  product,  it 
is  likely  to  be  less  profitable  than  canning.  In  China  various  other  products  are 
made,  including  pickles,  preserves  and  wine.  The  fruit  is  said  to  be  very  well 

adapted  to  quick  freezing. 


Many  named  and  carefully  described  varieties  of  the  litchi  are  grown  in 
China.  Groff  (1921)  lists  49  varieties  of  Kwangtung,  and  states  that  about  fifteen 
of  these  are  grown  commercially.  In  India  the  situation  is  far  different.  Varieties 
are  not  well  established,  and  the  names  used  are  largely  descriptive.  Vyas  men- 
tions  only  five  varieties:  early  and  late  large  red,  early  and  late  bedana  (seedless), 
and  Calcutta.  The  season  of  ripening  varies  from  the  middle  of  May  until,  the 
end  of  July,  depending  on  both  the  variety  and  the  climate.  Successful  vanet.es 
in  Bihar,  according  to  the  annual  report  of  the  Indian  Council  of  Agricultural 
'Research  for  1949-50,  include  the  China,  Purbi,  Desl.i,  Bedana,  and  Dehra  Rose- 
The  food  value  of  the  litchi  lies  largely  in  the  sugar  content,  which  varies 
largely  between  varieties  and  in  different  climates.  The  sugar  content  in _  Florida 
is  said  to  vary  from  12  to  15%,  while  Miller  and  Bazore  (1945)  in  Hawaii  repo  t 

onl  varietT  wiih  11.8%  and  one  with  20.6%.  Pop-e  ^  T" d  Tl  % 
analysis  in  Hawaii,  showing  15.3%  sugars,  .54%  ash,  1.16%  acids,  and  1.15% 
protein.  The  former  authors  found  the  two  varieties  studied  good  sources  of  p  PS- 
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phorus  and  poor  of  calcium,  while  the  sweeter  one  was  also  a  fair  source  of  iron. 
They  report  the  litchi  a  good  source  of  ascorbic  acid  but  a  poor  source  of  thiamine. 

Although  the  longan  was  considered  by  DeCandolle  to  be  native  to  India, 
it  is  only  cultivated  to  a  slight  extent  in  Bengal,  where  it  is  called  ashphal  Naik 
(1949)  states  that  the  tree  grows  wild  in  the  Western  Ghats,  but  that  the  fruit  is 
far  inferior  to  the  litchi.  In  China  it  is  a  fruit  of  some  importance.  It  is  generally 
recognized  as  less  delicious  than  the  litchi  as  a  fresh  fruit,  but  some  esteem  the 
canned  longan  more  highly.  The  tree  is  propagated  by  the  same  methods  as  the 
litchi,  but  is  more  commonly  inarched.  It  is  a  more  vigorous  tree  and  attains  a 
greater  size.  Cultural  practices  in  China  are  similar  to  those  used  with  the  litchi, 
including  generous  manuring.  The  fruit  is  smaller,  with  a  relatively  large  seed, 
and  with  a  smooth  skin.  On  ripening  it  turns  yellow  or  russet.  The  clusters  are 
tighter.  The  Chinese  practise  severe  thinning,  sometimes  removing  three-fourths 
of  the  inflorescences,  and  later  part  of  the  fruit  on  those  which  remain.  The  sugar 
content  is  much  less  than  that  of  the  better  varieties  of  litchi. 

The  longan  is  less  tender  to  frost  than  the  litchi,  and  can  therefore  be  grown 
in  cooler  regions.  If  some  of  the  better  varieties  from  China,  where  Groff  (1921) 
lists  twelve  good  ones,  were  tried  out  in  this  country,  it  might  be  found  profitable  to 
grow  the  longan  in  areas  unsuited  to  the  litchi,  as  well  as  in  the  same  region.  As 
the  longan  ripens  later,  it  would  not  come  into  competition  with  the  litchi  on  the 
market.  '  -  ' 


Chapter  xix 

THE  DATE 


The  most  important  to  man  of  all  trees,  in  the  opinion  of  some,  is  tiie  date 
palm,  and  perhaps  it  was  the  first  one  to  be  cultivated.  Its  origin  can  be  traced 
with  assurance  only  to  the  general  region  from  western  Pakistan  through  Iran,  Iraq 
and  Arabia  to  northern  Africa.  The  country  around  the  Persian  Gulf  seems  the 
most  probable  place  or  origin.  Apparently  it  first  became  important  in  the  region 
of  modem  Iraq,  still  the  world’s  most  important  centre  of  production.  Because 
of  the  vital  part  it  played  in  the  lives  of  the  people,  providing  food,  shelter,  and 
the  intoxicating  dnnk  which  primitive  people  regard  with  awe,  and  because  of  the 
prominence  of  sex  in  it  the  palm  was  early  made  an  object  of  worship.  The  first 
records  0f  th  It  according  to  Popenoe  (1924)  come  from  Eridu,  near  Ur  of  the 
Chaldees,  and  date  from  about  7,000  B.C.  The  cult  spread  throughout  the  Medi- 
tranean  world,  and  its  influence  is  seen  in  the  art  and  literature  of  many  peoples 

offshoots!  and  pr” sltXttrhadtwdyPrmm!nc!dhe  After  the 
Gulf  region,  Egvnt  seems  in  hav*  k0„„  y  mmencea.  Alter  the  Persian 

industry  having  hnaonre  ol  imp0Itan„  ToCn^ald Tooo'bc 

*"*  “«•»  *-  •  r.n  a-JTJLsS: 
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the  hieroglyphic  symbols  for  month  and  year  were  r  4 

leaves  resnertJv^lv  T  4  1  •  .  ,  '  '  ere  a  Pa'm  leaf  and  a  crown  of  palm 

early.  Presumably,  dates  ^  "T  develoPed  very 

fmmdTneVI;1l!'ttle-I|iSt0riCal  e'idenCe  of  this'  Nixon  (: date  ^eeds 
in  .  a  lenjo-  aro,  so  the  date  may  have  been  growing  in  that  area  by  2,000  B.C. 

hard  ,  ?e  innue"ce.0f  th*  dale  'he  history  of  this  par,  of  the  world  would  be 

rl“' m!  ‘  n°  ,arge  p0pulati0n  cou,d  haTC  been  supported 

he  tra  ,Td°nS-  ^  CaraVa"  r°UteE  f“  “ntUrieS  ha-  «**«>  "UtWy  for 
fleeted  ,1  °mdateS-  The  imP°r,ance  of  **  frui'  in  early  Moslem  times  is  re- 
lected  m  the  Traditions,  according  to  which  Mohammad  cautioned  his  followers 

onour  your  paternal  aunt,  the  date  palm’,  for  the  date  was  believed  to  have  been 
created  from  the  dirt  left  over  after  the  creation  of  Adam. 


Not  only  did  the  date  spread  very  early  into  the  oases  of  northern  Africa, 
into  Iran,  and  into  Palestine,  but  it  was  taken  by  the  Moors  into  Spain.  With  the 
opening  o  t  e  new  world,  and  the  age  of  exploration,  new  areas  suitable  to  the  date 
ecame  nown.  Early  Spanish  explorers  and  missionaries  brought  it  to  Mexico 
and  later  to  California.  The  modern  development  of  the  industry  in  the  United 
btates  began  with  the  importation  of  offshoots  about  1900. 


Accurate  statistics  are  not  available  in  the  principal  date-growing  countries, 
but  undoubtedly  the  greatest  centre  is  still,  as  it  has  been  from  the  dawn  of  history, 
the  area  on  both  sides  of  the  Shat-al-Arab,  from  its  mouth  108  miles  to  Qarna,  with 
an  average  spread  back  from  the  river  of  about  a  mile.  In  this  area  of  about 
138,000  acres,  there  are  an  average  of  about  140  palms  per  acre,  according  to  Dow- 
son  (1921).  Nixon  (1951),  however,  states  that  there  are  only  17,700.000  palms 
in  Iraq,  and  6,000,000  in  Iran  which  forms  part  of  the  same  general  region.  He 
credits  the  Indus  valley  and  Baluchistan  with  about  3,000,000  palms.  He  gives  the 
following  figures,  in  millions  of  palms,  for  other  countries:  Arabia.  8;  Algeria, 
6.9;  Egypt,  5.3;  Libya,  3;  Morocco,  2.9;  Tunisia,  2.5;  Sudan,  1.3;  the  United 
States,  0.3;  and  Spain,  0.2;  total,  57.1.  There  are  also  very  small  industries  in 
South  Africa  and  Australia  where  Freeman  (1936)  considers  that  a  large  area  is 
suitable  and  where  an  experimental  planting  was  made  in  1935. 


Although  the  date  may  have  originated  near  India,  and  although  there  is  a 
large  area  where  it  succeeds  in  Pakistan,  it  has  not  had  the  attention  which  it 
deserved,  at  least  until  comparatively  recently.  Bonavia  (1885),  whose  small  book  on 
the  date  is  much  less  well  known  than  his  classic  on  citrus  fruits,  quotes  a  Deputy 
Commissioner  of  Multan  as  saying  that  the  introduction  of  the  date  into  Sind  was 
obscure.  Some  held  that  the  first  seed  had  been  brought  in  by  the  soldiers  of 
Alexander,  and  others  that  early  Arab  conquerors  were  responsible.  No  one  seemed 
to  suspect  that  the  date  had  been  growing  there  since  the  dawn  of  history.  4  here  were 
then  hundreds  of  thousands  of  trees  in  the  district,  for  in  spite  of  many. exemptions 
a  tax  of  an  anna  a  tree  amounted  to  Rs.  12,084.  The  average  yield  was  stated  to 
be  about  40  pounds,  wrorth  about  four  annas,  indicating  a  very  poor  quality.  The 
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Indian  market  was  not  unacquainted  with  good  dates,  for  Popenoe  (1924)  states  that 
hy  80  A.D.  there  was  a  large  export  of  dates  from  eastern  Arabia  to  the  west  coast 

of  India. 

Bonavia  saw  fresh  dates  in  the  market  in  Lucknow  in  1867,  and  became  in¬ 
terested  in  the  crop,  primarily  as  a  protection  against  famine.  He  realized  that  the 
obvious  objection  would  be  that  the  fruit  would  not  ripen  properly  because  of  the 
rains  during  the  summer.  He  thought  that  it  would  ripen  in  years  when  the  rains 
failed,  with  consequent  scarcity  of  food  and  that  in  any  case  the  people  of  this  coun¬ 
try  do  not  wait  for  fruit  to  ripen  before  eating  it.  His  enthusiasm  proved  sufficient 
to  gain  the  support  of  the  Government.  In  1869  he  secured  seed  of  26  kinds  from 
the  Persian  Gulf,  all  of  which  germinated,  while  in  1872-73,  223  offshoots  were 
received,  of  which  about  half  lived.  A  shipment  of  60  offshoots  to  Bangalore  in 
1871  all  died,  probably  as  a  result  of  ignorance  and  neglect.  By  1885,  Bonavia 
estimated  that  there  were  at  least  1,250  palms  from  imported  seed  growing  in  Oudh, 
many  of  them  producing  good  fruit,  in  addition  to  the  smaller  number  of  imported 
offshoots.  It  was  reported  to  him  that  the  imported  dates  began  to  ripen  early  in 
July  and  that  perhaps  one  per  cent  of  the  fruit  ripened  and  was  delicious,  while  the 
rest  rotted.  But  he  reported  securing  some  in  August  of  a  wet  year,  many  of  which 
ripened  satisfactorily. 


On  the  basis  of  his  experience,  Bonavia  worked  out  a  scheme  for  developing 
date  growing  in  India.  For  Sind,  where  the  seedling  industry  was  well  established, 
he  recommended  the  introduction  of  Persian  Gulf  varieties,  and  the  education 
of  the  cultivators  in  their  proper  culture;  for  Rajputana,  where  he  held  there  were 
large  tracts  suitable,  if  wells  were  sunk  30  feet,  be  urged  that  seedling  dates  be  push- 
ed  as  cheaper  and  more  likely  to  survive  the  efforts  of  the  ignorant  farmers,  but  that 
one  grove  of  offshoots  be  established  in  each  state.  For  Mysore,  the  Southern 
Marat  ha  Country,  port.ons  of  the  ceded  districts  of  Madras,  and  the  Nizam’s 
Dominions,  h.s  suggestion  was  that  seedlings  be  planted  except  where  good  super- 

■iTno'n  r“Ca  •  ,  Bu:  alS°  °n  the  baSiS  0f  hiS  ~P~.  heS  remarked, 

will  he  done  ^  ^  TT 

Zns  Tf:  eTiaSm’  -done^^nX^ 

cations,  however,  it  would  seem  questLa  T  whether  he  ZZ 
a  famine  food  in  districts  where  the  rain  would  no  mall  7  *  “ 

“  W,Se  a$  C°n“"e  in  *h°*  P«‘s  "here  the  climatic^UZ" k’  Zaih 

ment  of  date  growing  infection' wherf'  u' 'wasMread  ‘“TbPh,  t',e  imPro™- 
have  accomplished  much,  although  neither  the  C  ^  ^  bUsbed’  he  m>ght 
then  have  been  ready  for  even  that  Ti  „  •  ,('ove,rnment  n°r  the  people  may 
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s  bulletin,  first  published  in  1911. 
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and  revised  in  1913  and  1918,  remains  an  excellent  source  of  information.  Hodg¬ 
son  (1937)  found  a  promising  industry  in  the  region  from  Dera  Ghazi  Khan  and 
Muzaffargarh  at  the  mouth  of  the  Indus  to  the  canal  colonies  of  Multan,  Montgom¬ 
ery,  and  Lyallpur,  and  capable  of  further  extension.  It  is  based  on  the  Halawi 
and  other  Persian  Gulf  varieties.  According  to  L.  Singh  and  Singh  (1940)  although 
the  quality  is  not  as  good  as  that  of  the  imported  product,  the  date  is  the  most  prof¬ 
itable  crop,  next  to  the  mango,  in  the  districts  of  Muzaffargarh,  Multan,  and 
Dera  Ghazi  Khan,  where  there  are  about  2,000,000  female  palms.  They  consider 
the  canal  colonies  at  least  as  good  as  these  districts  for  date  growing.  Several  palms 
in  an  old  plantation  at  the  Fruit  Research  station,  Saharanpur,  produce  fairly  satis¬ 
factorily.  They  are  mainly  the  dry  type. 

An  attempt  is  being  made  to  try  out  date  growing  in  South  India,  where  wild 
species  thrive.  Of  the  56  palms  of  13  varieties  imported  from  Iraq  to  the  Fruit 
Research  Station,  Kodur,  only  10  survived.  None  of  these  had  fruited  when  Naik 
wrote  in  1949. 

V 

The  Botany  of  the  Palm 


That  the  family  Paimaceae  stands  second  only  to  the  grasses  in  importance 
is  due  to  two  members,  the  coconut  with  an  estimated  acreage  of  about  7,850,000 
and  the  date,  Phoenix  dactylifera,  with  less  than  a  tenth  that  acreage.  The  wild  date 
of  India,  P.  sylvestris,  is  also  of  considerable  importance  in  this  country,  being 
tapped  for  sap  from  which  both  toddy  and  sugar  are  made.  Bonavia  mentions  a 
prize  of  Rs.  500  won  in  about  1857  for  the  best  essay  on  the.  ‘Sugar  date  palm,  its 
cultivation  and  the  manufacture  of  sugar  from  its  juice’.  The  trees  are  tapped 
when  five  years  old  and  reach  full  production  three  years  later.  Between  1854 
and  1858,  the  production  of  sugar  from  this  source  in  Bengal  averaged  953,750 
maunds  per  annum.  There  were  plantations  of  thousands  of  palms,  10  or  12  feet 
apart,  intercropped  with  rape,  linseed,  and  sesamum.  This  industry  continued 
through  Bonavia’s  time,  and  to  a  certain  extent  up  to  the  present,  and  efforts  have 
recently  been  made  to  revive  it.  Ramachandran  (1950)  estimates  that  there  50 
million  palms,  other  than  coconut  in  India,  and  that  the  number  can  be  doubled 
or  trebled  on  land  of  little  value.  He  says  that  under  favourable  conditions  each 
palm  should  yield  25  pounds  of  crude  sugar  (gur).  Naik  (1949)  states  t  a  . 
sylvestris  is  found  throughout  the  dry  districts  of  South  India  and  that  it,  P.  fa nna- 
jera,  and  P.  pumilis  var.,  pedunculate  ripen  from  April  until  June,  fruits  which 
edible  but  of  inferior  quality.  Other  species  of  Phoenix,  important  mainly  as  orna¬ 
mental  palms,  are  canariensis,  robelenii  and  acaulis. 

The  date,  as  a  monocotyledonous  plant,  has  many  characteristics  differing 
from  those  of  most  fruits.  As  cell  division  takes  place  only  at  the  growing!, P. 
erowth  in  the  diameter  of  the  stem  and  roots  soon  ceases.  Differences  in  t 
reflect  favourable  and  unfavourable  seasons.  The  terminal  bud  continues  growth. 
There  are  axial  buds  which  seem  to  develop  only  when  in  prolcmccd  contac  wi  , 
moist  soil  or  other  material.  Offshoots  seldom  occur  more  than  a  few  feet  from  the 
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ground  or  after  the  tree  is  20  years  old,  although  branched  trunks,  resulting 
the  growth  of  high  axial  buds,  are  not  unknown.  The  roots  vary  from  a  four! 
to  five-eighths  of  an  inch  in  diameter,  according  to  Dowson  (1921),  and  possess 
root  hairs.  A  large  number  of  large  air  passages  in  the  root  enable  the  palm  to 
thrive  when  the  ground  is  under  water  for  several  months  at  a  time,  under  which 
circumstances  the  ends  of  the  roots  may  emerge  above  the  water.  Milne  (1918) 
studied  the  root  system,  and  reports  that  a  typical  21-year-old  palm  had  about  7,000 
secondary  roots,  of  which  75-80%  descended  at  an  angle  of  55°  or  more,  ending 
up  at  a  depth  of  4£  to  8  feet,  and  not  more  than  6  feet  from  the  base.  The  upper 
20-25%  started  out  at  an  angle  of  less  than  20°  but  usually  bent  down  sharply  near 
their  extremities.  Some  extended  more  than  30  feet.  Pilsbury  (1941),  however, 
judging  from  the  relative  rates  at  which  water  is  removed  from  the  soil,  concluded 
that  about  60%  of  the  effective  roots  were  within  2  feet  of  the  surface,  and  an¬ 
other  30%  in  the  next  2  feet. 


The  leaves  are  well  planned  to  stand  scorching  desert  winds.  When  full- 
grown  they  are  9  to  17  feet  long,  but  the  leaflets  are  narrow,  tough,  and  folded 
once  lengthwise.  These  pinnae  are,  arranged  in  two  or  more  planes  on  either  side 
of  the  axis,  and  can  be  adjusted  to  regulate  the  amount  of  transpiration.  The  sto¬ 
mata  are  minute,  and  sunken  below  the  surface.  The  sheath  at  a  base  of  the  leaf 
protects  the  bud  and  young  leaves,  and  as  the  stem  enlarges,  splits,  leaving  a  net¬ 
work  of  tough  fibres  when  the  matrix  decays.  The  leaves  live  several  years,  but 
gradually  droop  and  die.  There  are  slight  differences  between  the  leaves  of  male 
and  female  palms,  the  male  usually  having  more  thorns  and  stiffer  pinnae.  Ex¬ 
perienced  Arabs  can  also  identify  varieties  by  the  leaves,  and  Mason  (1915)  worked 
out  a  scheme  and  described  several  varieties,  but  this  method  is  very  difficult  to  use. 


The  inflorescence  or  spadix,  consisting  of  a  rachis  and  many  strands,  appears 
in  the  spring,  protected  by  a  spathe  which  splits  open  as  the  flowers  mature.  There 
are  from  50  to  150  strands,  which  in  the  male  are  about  six  inches  long  and  crowd¬ 
ed  near  the  end  of  the  rachis,  while  in  the  female  they  are  a  foot  or  more  long  and 
less  crowded.  Ordinarily  the  date  is  strictly  dioecious,  but  there  are  trees  with 
strands  containing  both  pistillate  and  staminate  flowers,  and  often  some  with  some 
perfect  flowers.  The  anthers  burst  within  an  hour,  of  the  opening  of  the  spathe, 
and  the  stigmas  are  receptive  at  about  the  same  time. 


Dates  are  commonly  classified  according  to  their  texture  as  soft,  semi-soft, 
or  dry.  The  first  two  groups  contain  practically  all  of  the-dates  which  enter  world 
commerce  The  dry  or  ‘bread’  date  is  the  one  which  is  most  important  in  the  diet 

•  J'  Dfes  may  also  be  defied  as  cane  and  invert  sugar  dates,  accord- 

g  to  the  type  of  sugar  mainly  present.  The  Deglet  Noor  is  the  only  important 
cane  sugar  date.  Cavell  (1947)  studied  12  varieties  of  dates  in  Iraq  and  found  lhat 
while  sucrose  predominates  in  the  early  stages  of  the  development  of  the  fruit  it 
dunmishes,  and  when  r.pe  10  varieties  contained  none,  and  the  others  only  small 

I  «  •  '  .  ^  * 
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Requirements  and  Culture 

The  climatic  requirements  of  the  date  are  rather  simple.  As  it  stands  moder¬ 
ate  frost  with  little  damage,  and  will  recover  after  temperatures  as  low  as  5°F  it 
can  be  grown  oyer  a  rather  wide  area.  But  for  the  production  of  fruit  of  good 
qua  ity,  it  requires  a  gieat  deal  of  tVeat,  and  dry  weather  during  pollination  and 
especially  during  the  ripening  season.  Swingle  (1904)  estimated  that  the  finest  date 
varieties  require  3,300  units  of  heat,  a  unit  being  defined  as  a  degree  above  a  daily 
mean  of  64.4°  F.,  between  May  1  and  October  1.  Oppenheimer  (1947),  using  the 
Centigrade  scale,  starts  at  practically  the  same  point,  17.9  C.,  and  calculates  the 
heat  units  for  the  warmest  six  months  of  the  year.  Swingle’s  figure  of  3,300  units 
would  be  equivalent  to  about  1,833  units  by  Oppenheimer’s  method.  The  latter 
cites  the  northern  Jordon  valley,  with  about  1,800  units  as  possibly  the  lower  limit 
for  the  more  exacting  varieties.  He  calculated  the  heat  units  available  at  various 
places  as  follows:  Khartum,  Egypt,  2,440;  Basra,  2,420;  Allahabad,  2,395;  Lahore, 
2,347;  Baghdad,  2,333;  Jericho,  2,053;  and  Calcutta,  2,039.  He  considers  the  heat 
units  at  Jericho  sufficient  for  the  ripening  of  all  varieties  of  dates,  and  probably  for 
all  fruits.  Mason  (1925  A)  has  shown  that  the  growth  curve  is  closely  correlated 
with  the  mean  temperature,  and  continues  slowly  with  the  minimum  below  freezing  if 
the  maximum  is  above  50°  F.  He  also  reported  (1925  B)  that  the  temperature 
inside  the  terminal  bud  shows  a  daily  range  of  only  7  or  8  degrees,  and  on  cold  morn¬ 
ings  may  be  as  much  as  26  degrees  warmer  than  the  air,  while  on  a  hot  day  it  may  be 
32  degrees  cooler.  This  is  explained  by  the  excellent  insulation  provided  by  the 
outer  layer  of  trunk  and  the  leaf  bases,  allowing  the  temperature  to  be  influenced 
largely  by  the  sap,  which  reflects  the  soil  temperature.  Growth,  according  to 
Mason  (1925  C),  is  inhibited  by  direct  sunlight,  but  takes  place  at  night  and  on 
cloudy  days. 

High  atmospheric  humidity  alone  does  not  seem  to  be  an  important  factor, 
as  humidities  over  70%  do  not  interfere  with  pollination  or  ripening.  It  is  only 
when  high  humidity  prevents  the  drying  of  the  fruit  or  inflorescence  that  damage 
seems  to  result. 

Wind  is  a  factor  of  importance  only  when  it  carries  dust  and  sand  at  the  time 
the  fruit  is  ripening,  when  it  may  greatly  reduce  the  quality. 

The  date  is  remarkably  tolerant  regarding  soil.  While  it  is  easier  to  start  the 
palms  on  a  sandy  loam,  and  on  such  soils  they  come  into  bearing  a  little  earlier,  a 
clay,  such  as  much  of  the  soil  in  Iraq  and  Egypt,  is  probably  just  as  good.  Depth 
and  good  drainage  are  necessary,  especially  if  the  soil  is  alkali.  The  tolerance 
of  the  palm  for  alkali  has  been  generally  noted,  Dowson  (1921)  considering  it  the 
most  tolerant  crop  in  Iraq.  Swingle  states  that  dates  can  grow  in  soil  containing  as 
much  as  3  or  4%  of  white  alkali,  but  that  they  do  not  bear  well  unless  the  roots 
.each  a  stratum  with  less  than  1%,  or  for  good  production,  .6%.  The  accumula¬ 
tion  of  alkali  on  the  surface  is  not  necessarily  harmful  to  mature  plants.  i 
soil  approaching  the  limit  of  tolerance,  the  salt  content  of  imitation  water  should  be 

considered. 
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Only  two  methods  of  propagating  the  date  palm  are  known,  the  use  of  seed 
and  of  offshoots,  and  only  the  latter  can  be  recommended.  Seedlings  are  readily 
grown,  and  are  used  commercially  in  Pakistan,  Spain  and  Mexico.  About  half 
turn  out  to  be  males,  and  because  of  the  great  variation,  only  about  10%  can  be 
expected  to  yield  good  fruit. 


While  growth  from  offshoots  is  universal  in  the  principal  date-producing 
countries,  the  practice  varies  considerably.  Offshoots  weighing  as  little  as  six 
ounces  have  been  rooted,  by  means  of  bottom  heat.  At  the  other  extreme,  where 
it  is  necessary  for  the  bud  to  be  above  flood  level,  offshoots  weighing  600  to  800  lbs. 
may  be  used.  Legros  (1932)  states  that  in  Algeria  offshoots  weighing  22  to  33  lbs. 
should  be  used,  while  L.  Singh  and  Singh  (1940)  secured  as  high  a  percentage  of  suc¬ 
cess  with  offshoots  of  2  to  8  lbs.  planted  in  the  spring,  preferably  in  February,  as 
with  larger  ones,  which  may  be  planted  in  either  spring  or  autumn.  Aldrich  and 
others  (1945)  consider  an  offshoot  weighing  20  to  34  lbs.  small,  and  prefer  larger 
ones,  weighing  up  to  about  80  lbs.,  at  least  iji  the  case  of  the  Deglet  Noor.  They 
found  that  reducing  to  two  the  number  of  offshoots  per  parent  Halawy  palm  from 
the  normal  10  to  15,  about  18  months  before  planting  resulted  in  offshoots  24% 
heavier  and  making  53%  greater  growth  extension  in  the  first  three  months.  The 
parent  palms  also  grew  more  rapidly  and  tended  to  produce  more  inflorescences. 


Offshoots  are  generally  removed  in  the  spring  unless  they  are  to  be  planted 
m  nurseries,  in  which  case  the  autumn  is  considered  better.  It  is  not  necessary 
that  the  offshoots  have  roots,  and  Popenoe  (1913)  believed  that  any  roots  present 
died,  but  the  Arabs  prefer  that  there  be  roots,  and  this  seems  to  be  in  accord  with 
opinion  in  the  United  States.  Aldrich  and  others  (1945)  experienced  a  very  much 
higher  mortality  with  non-rooted  than  with  rooted  Zahidi  offshoots.  At  the  time 
of  removal  the  offshoot  is  severely  pruned,  leaving  only  the  new  leaves  and  the  bases 
of  the  old  ones.  It  is  severed  from  the  parent  palm,  preferably  with  a  special  wide 
ise  1  as  close  to  the  parent  palm  as  possible  without  undue  injury.  The  cut  surface 

C°al  tar  °r  paint‘  is  commonly  believed  that  the  offshoot 
s  iould  be  allowed  to  dry  several  days  before  being  planted,  unless  it  is  balled,  but 
Aldrich  and  others  (1945)  had  belter  success  with  immediate  planting.  The  use 
of  bottom  heat  and  of  more  or  less  covered  nurseries,  has  been  tried,  but  as  good 
results  seem  to  be  possible  by  planting  the  shoots  in  the  open.  They  should  be  planted 
to  a  depth  about  equal  to  the  greatest  diameter  of  the  base. 


1  0r,dinaJrily  *he  °«y>00U  appear  around  the  base  of  the  palm,  where  rootinsr 
as  de"  “bed  Vd  “V-T  *  *  ‘°  hi6h  offshoots.  Faries  (1924)' 

"  SOme  °,her  r00U"S  he‘S 

I 

The  irrigation  of  the  newly  planted  offshontc  ,*o  d  j  ,  . 
is  given  daily.  Apparently  the  offshoot  i*  „n  ,  llesse(J>  antl  m  some  places 
has  any  roots.  X  ,9  absorb  moisture  directly  before  it 
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Offshoots  may  be  stored,  or  shipped  long  distances,  with  little  deterioration. 
It  has  been  recommended  thast  the  roots  be  kept  moist  at  all  times,  or  puddled, 
but  Swingle  (1904)  shipped  offshoots  from  Algeria  to  Arizona  in  1900,  a  trip  of 
two  months,  and  had  80 %  live.  He  saw  no  difference  between  those  shipped  in 
damp  moss  or  charcoal  and  those  in  dry  straw.  Mason  (1925  D)  reports  the 
belief  in  the  Sudan  that  offshoots  from  ‘thirsty’  palms,  those  which  have  been  scantily 
watered,  are  best  for  shipping  long  distances,  a  belief  shared  by  Swingle  (1931). 

In  the  old  world,  palms  are  commonly  planted  10  to  15  feet  apart,  but  this 
results  in  crowding,  and  has  been  recognized  by  some  Arabs  as  a  poor  practice. 
Milne  recommends  19  feet,  Legros  (1932)  about  30  feet,  and  Drummond  (1919)  30 
to  38  feet  according  to  the  variety,  which  is  probably  about  right. 

Tillage  does  not  play  a  very  important  part  in  most  date  gardens,  although 
Dowson  states  that  the  palm  will  not  bear  a  good  crop  unless  thoroughly  cultivated. 
In  parts  of  Iraq  it  is  said  to  be  customary  to  dig  one-fourth  of  the  garden  to  a  depth 
of  four  feet  each  year,  a  practice  which  would  seem  to  involve  a  heavy  pruning 
of  the  roots.  Other  growers  are  said  to  be  satisfied  with  digging  18  inches  deep, 
or  an  annual  ploughing.  The  danger  of  reducing  the  roots  by  deep  cultivation 
has  been  pointed  out  by  Simmons  (1926).  Legros  favours  deep  ploughing  three 
times  a  year,  which  seems  excessive.  Tillage  to  turn  under  cover  crops  and  manure, 
and  to  keep  the  soil  easily  handled  for  irrigation  is  probably  all  that  is  required. 

Irrigation  water  is  needed  in  large  amounts.  The  ideal  situation  seems  to  be 
that  in  certain  oases,  where  the  permanent  water  table  is  within  reach  of  the  roots, 
say  10  to  14  feet  from  the  surface;  or  that  along  the  lower  Shat-al-Arab,  where  the 
tide  backs  the  water  up  into  the  gardens  twice  a  day  throughout  the  year.  In  order 
to  use  underground  water  in  the  Sahara,  palms  are  sometimes  planted  at  the  bottom 
of  deep  pits.  It  would  seem  that  there  is  no  danger  of  over-irrigation,  nor  does 
the  salt  water  of  the  spring  tides  at  the  mouth  of  the  Shat-al-Arab  cause  any  harm. 
Floods  in  the  Nile  lasting  70  days  are  also  harmless,  but  permanent  waterlogging 
is  very  bad.  There  are  beliefs  that  it  is  harmful  to  irrigate  at  the  time  of  pollina¬ 
tion,  or  while  the  fruit  is  ripening,  and  this  may  be  true  of  some  varieties.  The 
amount  of  water  required  has  been  variously  estimated  but  Pillsbury  (1941)  states 
that  the  average  date  plantation  removes  about  6  feet  of  water  from  the  soil  if  mois¬ 
ture  is  always  readily  available.  If  80%  of  the  water  applied  is  used,  this  would 
mean  an  application  of  about  7  2  acre  feet  annually  would  be  required.  If  this  is 
given  6  or  7  inches  at  a  time  with  minimum  intervals  in  summer  of  two  weeks,  t  le 

result  is  likely  to  be  satisfactory. 

The  value  of  manuring  seems -generally  recognized,  farmyard  manure  being 
most  commonly  used.  Green  manuring  is  also  advisable,  and  in  some  cases  t  iese 
may  well  be  supplemented  with  some  nitrogen  in  chemical  form. 

Intercropping  is  quite  common,  with  a  variety  of  crops,,  but  other  fruit  trees 
seem  best  adapted,  especially  in  regions  like  northern  Africa,  where  some  o  t  c 
can  only  be  grown  in  partial  shade.  In  Algeria,  Legros  states  that  the  citrus  fruits 
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are  the  only  ones  which  do  well  except  on  the  edges  of  the  plantation.  Citrus  fruits 
have  also  been  tried  in  the  United  States,  with  questionable  results. 

Three  types  of  pruning  are  practised.  Thorns  are  removed  to  facilitate  other 
operations  and  the  leaves  are  removed  when  dead  or  dying,  and  in  some  places,  long 
before  this.  Nixon  (1947)  recommends  pruning  to  allow  120  leaves  to  remain  on 
each  palm.  More  than  nine  leaves  per  bunch  of  fruit  did  not  increase  production 
in  the  Deglet  Noor,  and  leaves  below  the  bunch  tended  to  reduce  the  quality  of  the 
fruit.  Early  leaf  pruning  may  be  justified  to  reduce  the  amount  of  water  used 
where  it  is  scarce,  although  this  reduces  the  amount  and  injures  the  quality  of  the 
fruit.  Offshoots  which  are  not  desired  for  propagation  should  be  removed  while 
still  quite  small,  as  their  presence  hinders  the  production  of  fruit. 

The  need  for  pollination  in  the  date  has  been  recognized  from  the  dawn  of 
history,  and  artificial  pollination  has  been  practised  since  it  was  discovered  by  the 
Assyrians  three  or  four  thousand  years  ago.  The*  process  used  has  everywhere 
been  much  the  same,  and  is  not,  properly  speaking,  pollination,  but  the  placing  of 
the  staminate  flowers  where  the  wind  and  insects  can  easily  complete  the  process. 
This  is  done  by  collecting  the  male  inflorescences  just  before  they  split,  putting 
them  in  paper  bags  until  the  anthers  open.  As  soon  as  the  female  spathes  open, 
a  few  strands  of  the  male  flowers  are  shaken  over  the  spadix  and  then  tied  in  it. 
Spathes  ready  to  open  may  be  split  and  treated  along  with  those  already  open,  to 
avoid  very  frequent  climbing  of  the  palms.  Without  artificial  pollination,  fully 
as  many  male  palms  are  required  as  female,  but  with  it,  one  male  to  30  females  is 
perhaps  sufficient. 

The  belief  that  the  pollen  affects  the  fruit  has  been  held  by  those  familiar 
with  the  date  in  several  countries,  but  when  Schweinfurth  stated  that  the  size  of  the 
seed  was  affected,  in  1901,  Swingle  thought  the  idea  erroneous.  Later  work  by 
Drummond,  and  particularly  by  Nixon  (1928,  1931,  1935,  1936)  has  confirmed  and 
greatly  extended  the  knowledge  of  this  phenomenon,  known  as  metaxenia.  Large 
differences  have  been  observed  in  the  size  of  the  fruit,  the  size  and  shape  of  the 
seed,  and  the  time  of  ripening.  The  last  is  of  considerable  importance,  size  being 
more  easily  determined  by  thinning. 


There  is  considerable  difference  of  opinion  as  to  the  length  of  time  date  pollen 
remains  viable.  It  is  commonly  considered  good  practice  to  reserve  some  pollen 
from  year  to  year,  in  case  of  a  shortage  and  Popenoe  states  that  pollen  seven  years 
old  was  used  successfully  at  the  Mecca  (U.  S.  A.)  station  in  1912,  while  it  was 
reported  that,  in  Iran  it  had  been  kept  successfully  for  14  years.  Others  have  ques¬ 
tioned  whether  it  would  remain  viable  for  even  one  year,  and  Albert  (1930)  found 

in  C°ld  St0ra"e’  il  lost  its  viabilitY  rapidly  after  six  months.  Craw- 
ford  1938)  reports  that  when  pollen  stored  for  a  year  at  room  temperature  was 
used  the  very  small  set  of  fruit  may  have  been  due  to  air-borne  fresh  pollen.  Pol¬ 
len  kept  for  one  year  m  storage  not  Varying  more  than  3  degrees  from  8°F.  gave  an 
average  set  of  58%  which  is  about  11%  less  than  that  from  fresh  pollen,  but  still 
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commercially  satisfactory, 
kept  under  refrigeration. 


It  would  seem  useless  to  save  pollen 


unless  it  can  be 


Without  pollination,  all  three  carpels  develop  into  small  worthless  fruits. 
Alter  pollination,  two  of  the  carpels  soon  fall,  leaving  one  to  grow  to  full  size. 

If  left  to  themselves,  palms  will  bear  from  5  to  30  bunches,  but  if  more  than 
about  12  bunches  are  left,  the  fruit  will  be  very  small,  and  the  crop  the  next  year 
poor.  It  is  common  practice  to  pollinate  only  the  number  of  bunches  desired,  and 
in  the  pollinated  bunches,  to  cut  back  each  strand  about  one-third  and  remove 
enough  strands  from  the  centre  to  reduce  the  number  of  flowers  in  the  inflores¬ 
cence  by  about  half.  INixon  and  Crawford  (1937)  have  shown  that  the  size  of  the 
fruit  increases  in  proportion  to  the  severity  of  pruning,  and  that  maturity  is  also 
hastened.  The  same  workers  (1942)  found  that  reducing  the  number  of  fruits  per 
strand  resulted  in  larger  fruits  than  the  equivalent  reduction  by  removing  entire 
strands.  Larger  fruits  on  the  outside  strands  resulted  from  removing  inner  strands 
than  on  inner  strands  when  the  outer  ones  were  removed.  Methods  of  bunch  thin¬ 
ning  which  increased  the  size  of  the  fruits  tended  to  reduce  the  amount  of  ‘shrivel’ 
but  to  increase  susceptibility  to  the  condition  known  as  blacknose. 

As  the  fruit  ripens,  it  is  subject  to  attack  by  birds  and  insects,  and  to  damage 
from  rain.  Various  methods  of  protection,  such  as  burlap,  cloth,  paper,  matting 
and  thorns  have  been  used,  but  none  is  entirely  successful.  Nixon  and  Reuther 
(1947)  found  that  paper  covers  slightly  retarded  ripening,  and  in  very  unfavourable 
years,  increased  the  incidence  of  fruit  rot.  The  use  of  brown  paper  increased  sun¬ 
burn,  but  white  paper  did  not.  Bliss  and  others  (1949)  found  specially  processed 
paper  most  promising,  but  consider  that  its  use  must  be  combined  with  other  protec¬ 
tive  measures,  such  as  the  use  of  a  fungicidal  dust. 


Pests  and  Diseases 


On  the  whole,  the  date  palm  is  remarkably  free  from  serious  insect  pests  and 
diseases.  Popenoe  says  that  the  Arabs  report  only  two  complaints  of  the  palm: 
thirst  and  the  palm  borer.  However,  the  situation  is  not  quite  so  happy,  and  in 
some  regions  there  are  very  serious  diseases. 


A  number  of  borers  damage  palm  trees  in  Pakistan  and  Arabia,  the  most  im- 
portant  in  the  Punjab  being  the  red  weevil  or  Indian  palm  weevil,  Rhynchophorus 
fermgineus.  The  eggs  seem  to  be  laid  in  the  soft  tissue,  such  as  the  base  of  leaves. 
The  larvte  bore  tunnels  through  the  tissues  of  the  stem,  generally  near  the  top.  This 
damage  may  cause  the  tops  to  wither  and  die,  or  the  stem  to  break.  A  thick  juice 
oozes  from  the  holes  from  which  the  larva:  emerge.  Careful  examination  of  l  e 
palms  will  lead  to  the  discovery  of  the  insects  before  they  have  done  much  damage, 
their  presence  being  indicated  by  fibrous  debris.  The  larva:  can  then  be. killed 
with  wires  or  the  injection  of  some  insecticide  into  the  holes.  Palms  which  are  o 
seriously  affected  for  treatment  should  he  removed,  and  all  the  weevils  killed  to 
avoid  the  attack  on  other  trees.  Painting  of  wounds  from  the  removal  of  leaves  or 
offshoots  with  tar  is  thought  to  discourage  attack. 
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The  rhinocerus  beetle  or  black  palm  beetle,  Oryctes  rhinocerus  is  a  common 
pest  of  palm  trees  in  many  parts  of  India,  and  may  occasionally  attack  the  date  palm, 
though  it  seems  to  be  much  less  common  in  the  Punjab  than  the  red  weevil.  The 
latter,  however,  may  enter  the  palm  through  the  holes  made  by  the  beetle.  The 
damage  done  is  similar,  and  the  same  treatment  can  be  used  for  control. 


Scale  insects  are  sometimes  serious  pests,  and  Milne  reports  one  species  as 
causing  injury  to  the  leaves  in  the  Punjab.  He  recommends  pruning  off  the  badly 
infested  leaves,  even  if  this  means  practically  all  of  them,  and  spraying  the  remaining 
leaves  with  rosin  compound  or  some  other  insecticide.  Two  species  of  scale 
introduced  into  the  United  States  have  been  practically  eliminated  by  the  flame 
treatment.  Because  the  stem  iS|  protected  by  a  thick  layer  of,  dry  fibrous  material, 
and  has  neither  cambium  nor  fibro-vascular  bundles  near  the  surface,  it  is  very  re* 
sistant  to  fire.  The  entire  surface  can  be  gone  over  with  blow  torches  without 
serious  damage  to  the  palm,  thus  killing  the  scale. 

A  number  of  insects  are  known  to  attack  stored  dates,  including  a  tineid  moth 
and  a  beetle,  Lcsioderma  testaceum,  which  have  been  reported  in  the  Punjab.  These 
may  be  controlled  by  preventing  the  females  from  laying  eggs  on  the  fruit,  or  by 
sterlizing  the  fruit  at  the  time  of  packing. 


Milne  reports  only  one  disease  of  importance  in  the  Punjab,  palm  leaf  pustule, 
and  fortunately  it  is  not  very  serious.  It  is  caused  by  the  fungus  Graphiola 
phoenicis.  It  is  found  in  many  of  the  date-growing  countries,  but  is  ordinarily 
serious  only  in  the  wetter  regions,  such  as  parts  of  Egypt.  The  disease  produces 
numerous  small  hard  black  pustules  on  both  surfaces  of  the  leaflets,  and  on  old 
eaves^may  je  quite  severe.  Where  the  disease  is  present,  the  proper  pruning  of 
he  leaves  becomes  important,  and  it  is  sometimes  desirable  to  remove  the  leaves  a 

*  S00ner.^“  w°uld  otherwise  be  done.  Milne  recommends  spraying,  when 
necessary,  with  Bordeaux  mixture  or  a  solution  of  potassium  permanganate. 

Other  countries  are  less  fortunate  in  the  matter  of  disease  The  Baiondh 

hut  probably  --Tbyt^  physiological, 

species  of  fungi  have  also  been  reported.  ed  by  SeVeral 


riARVESTTNG  AND  USES 
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The  iresh  fully  ripe  date  is  a  great  delicacy,  but  without  cold  storage  will  ferment 
within  a  few  days.  By  far  the  largest  part  of  the  crop  is  therefore  dried.  This 
may  be  done  when  the  fruit  is  fully  ripe,  or  in  the  stage  known  as  rutab  in  some 
countries  and  as  dang  in  the  Punjab,  when  the  point  is  becoming  translucent.  The 
best  ones  are  frequently  picked  from  the  bunch  as  they  ripen,  but  many  varieties 
can  be  picked  by  the  bunch,  which  greatly  reduces  the  cost  of  harvesting.  L.  Singh 
and  Singh  (1940)  recommend  harvesting  the  whole  bunch  when  some  fruits  have 
reached  the  dang  stage,  and  dipping  the  fruit  in  a  1%  boiling  lye  solution  for  one 
minute.  This  cleans  the  fruit,  kills  insect  eggs,  and  improves  the  appearance, 
especially  of  the  fruits  in  the  doka\  stage,  when  the  fruits  have  turned  colour  but  are 
still  hard.  Such  fruits  are  not  quite  as  sweet  as  the  undipped  ones,  however.  In 
the  Punjab,  the  dates  are  then  spread  on  mats  to  dry,  and  similar  methods  are 
used  in  most  countries,  although  in  America  dehydrators  are  used.  The  dates 
should  be  dried  only  to  the  extent  which  prevents  decay,  and  this  varies  'with  the 
different  varieties.  In  India,  drying  generally  takes  from  3  to  7  days  in  clear 
weather  and  results  in' the  loss  of  at  least  one-third  of  - the  weight.  A  few  varieties 
have  to  be  split  and  dried  until  hard.  Some  dates,  especially  those  of  inferior 
quality,  are1  picked  while  still  hard  and  boiled  in  water  to  which  a  little  oil,  ghi ,  or 
milk,  and  perhaps  salt,  has  been  added.  They  are  then  dried  hard,  and  are  called 
bhugrian . 

A  suitable  home  drier  for  use  in  the  Punjab  is  described  by  Siraj-ud-din 
(1951).  He  also  states'  that  fumigation  of  fresh  dates  and  their  preservation  in  a 
sugar  syrup  of  55  to  68°  Balling  gives  good  results. 

In  addition  to  drying,  the  better  types  of  dates  undergo  a  process  of  matura¬ 
tion,  in 'which  chemical  ehanges  take  place.  This  may  occur  in  storage  or  transport, 
or  may  be  brought  about  by  certain  chemical  treatment  or,  preferably,  by  heat 
treatment.  Little  attention  seems  to  be  paid  to  this  in  Pakistan. 


Various  methods  of  packing  the  date  are  used.  In  Pakistan  and  most  other 
countries,  the  poorer  quality  dates  are  sent  to  market  in  bulk.  Choice  dates  are 
generally  sold  in  cardboard  or  light  wooden  packages  holding  from  half  a  pound 
to  three  pounds.  A  few  varieties  may  be  sold  on  the  natural  cluster.  In  countries 
where  dates  are  not  grown,  they  are  often  regarded  as  somewhat  of  a  luxury, 
although  even  there  they  are  often  an  economical  food.  They  are  generally  eaten  as  a 
confection  or  in  cakes.  But  in  countries  where  they  are  extensively  grown,  they  are 
a  staple  food.  They  are  eaten  in  many  forms,  including.jams  and  preserves,  and  m 
dishes  with  milk,  butter,  meat,  or  other  food.  Many  Arabs  live  for  days  at  a  time 
on  dates  and  water,  as  Mohammad  is  said  to  have  done,  but  it  is  much  better  to  add 
milk,  making  a  diet  on  which  men  can  live  for  six  months  in  good  health.  In  t  e 
Punjab  the  rule  is  said  to  be  to  eat  as  many  dates  as  one  can,  then  an  onion,  and  then 
more  dates.  The  value  of  the  date  has  long  been  recognized,  primarily  on  account 
of  its  high  sugar  content.  Marloth  (1932)  states  That  dried  dates  run  about  70/. 
carbohydrates  (mostly  sugars),  2%  protein  and  2^%  fat.  Smith  and  Meeker  (19,1), 
tested  three  varieties  for  their  vitamin  content,  ahd  found  them  good  sources  o  an 
Bi  but  not  of  C,  D,  or  G. 


THE  DATE 


297 


In  the  Muzaffargarh  district  of  Pakistan,  according  to  Bawa  (1950),  goat 
owners  lease  date  gardens,  especially  those  of  inferior  sorts  and  feed  the  dates  at 
all  stages  from  that , when  they  are  hard  and  green  until  they  are  ripe  and  dried, 
with  results  which  they  consider  very  good.  Even  the  seeds  are  fed  after  soaking, 
in  the  winter,  and  they  also  form  a  nutritious  feed. 

While  Milne  found  that  some  vigorous  offshoots  bore  a  little  fruit  in  the 
second  year  in  the  plantation,  and  nearly  half  of  the  palms  were  producing  by  the 
fourth  year,  the  palms  grow  slowly,  and  heavy  production  is  not  to  be  expected  for 
several  years. 

The  yield  of  fruit  per  palm  varies  greatly  with  the  variety  and  the  conditions. 
Punjab  trees  have  been  estimated  to  yield  anywhere  from  10  to  500  pounds,  most 
of  them  probably  producing  between  40  and  120.  The  average  yield  per  palm  of 
Arabian  varieties  planted  in  Lyallpur  between  1913  and  1917,  is  given  by  L.  Singh 
and  others  (1940)  as  about  67  lbs.  for  the  years  1925  to  1939.  The  value 
of  the  dates  produced  during  this  period  was  Rs.  7-12-0  per  palm  per  annum.  In 
1940  the  average  production  was  148  pounds,  worth  more  than  Rs.  11,  with  a  maxi¬ 
mum  of  335  lbs.  Palms  6  to  12  years  old  produced  an  average  of  about  30  lbs. 
of  fruit  in  that  year.  Some  other  countries  report  larger  yields,  and  individual 
palms  have  been  known  to  bear  more  than  500  pounds,  but  a  survey  by  Dowson 
indicated  an  average  of  7  bunches  of  6  pounds  each  in  Iraq.  Nixon  states  that  in 
the  United  States  there  is  a  small  crop  the  fifth  year,  and  that  the  palms  reach  full 
bearing  by  the  age  of  10  to  15  years,  at  which  time  they  produce  100  to  300  lbs.  a 
year.  However,  an  estimate  of  100  pounds  each  from  trees  properly  spaced  and 
well  cared  for,  is  probably  not  unreasonable.  Marloth  gives  the  average  world 
production  as  2,250,000  tons. 


As  is  inevitable  in  a  fruit  which  has  been  largely  grown  for  thousands  of  years 
and  propagated  by  an  easy  asexual  method  as  well  as  by  seed,  there  are  large  num¬ 
bers  of  varieties.  Popenoe  states  that  nearly  400  varieties  have  been;  introduced 
into  the  United  States.  Of  these,  the  Deglet  Noor,  a  prominent  variety  in  North  Africa 
has  become  the  most  important.  Among  the  best  dates  of  Iraq  are  the  Hallowee 
Khudrawee,  Zahidi,  Sayer,  and  Deree  (these  names  are  spelled  in  many  ways  in  the’ 
literature),  all  of  which  have  been  introduced  into  the  Punjab.  Of  the  varieties 

grown  in  Egypt  only  the  Saidy,  a  variety  of  outstanding  excellence,  seems  to  be 
grown  extensively  in  other  countries. 
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Tins  subtropical  grape,  Vais  vinifera,  is  the  most  important  member  of  the 
cenus,  and  of  the  family  V.taceae  (Ampelidaceae),  hut  there  are  a  number  of  other 
species,  several  of  which  are  cultivated.  The  vinifera  grape  is  indigenous  to  the 
legion  stretching  from  the  Caucasus  to  western  India,  and  has  been  grown  in  Europe 
or  thousands  of  years.  It  is  not  clear  whether  early  references  to  the  grape  in 
Sanskrit  literature  refer  to  this  or  to  some  other  species.  There  are  about  25 
species  found  in  India  and  Burma,  mostly  in  the  sub-Himalayan  tract,  where  they 
are  found  mainly  at  elevations  between  3,000  and  6,000  feet.  Four  of  these  wild 
species  produce  edible  fruit:  Vitis  barbata  in  Bengal,  Assam,  and  Burma,  V.  par - 
ti flora  in  Kashmir  and  Kumaon,  V.  rugosa  in  Kumaon  and  Burma,  and  V.  rumci- 
sperma  in  Sikkim  and  Assam.  North  America  is  also  rich  in  species  of  grapes, 
the  most  important  being  V.  labrusca  and  V.  rotundifolia,  which  are  cultivated  to 
a  considerable  extent  in  ' the  temperate  sections.  These  differ  from  the  vinifera 
grape  in  that  the  skin  separates  easily  from  the  pulp. 


Vinifera  grapes  are  classified  according  to  their  use,  into  wine,  raisin,  and 
table  varieties.  Some  varieties  are  excellent  either  for  raisins  or  for  eating  fresh, 
but  those  used  for  wine  are  generally  restricted  to  that  purpose.  The  raisins  made 
from  two  varieties  of  small  seedless  grapes  grown  mainly  in  Greece,  are  known  as 
currants,  but  are  not  to  be  confused  with  the  small  fruit  of  the  same  name,  of  the 
genus  Ribes,  grown  in  the  cooler  temperate  regions  and  never  dried.  Table  grapes 
are  further  classified  according  to  colour  as  white,  red,  and  black  varieties,  the  last 
being  a  very  dark  blue  or  purple. 


In  India,  graces  are  grown  only  for  eating  fresh,  except  for  about  35  Acres 
in  the  Simla  Hills  which  are  used  for  wine.  A  successful  raisin  industry  can  prob¬ 
ably  be  established  if  production  ever  exceeds  the  demand  for  the  fresh  fruit.  At 
present,  production  is  limited  to  not  much  more  than  half  of  the  amount  consumed 
fresh  or  as  raisins.  The  acreage  and  production  in  India,  as  given  in  the  Report 
on  the  Marketing  of  Grapes  (Anon.,  1940  C),  is  as  follows:  Baluchistan,  2,429  acres, 
1,86,733  maunds;  Bombay,  957  acres,  1,34^400  mds. ;  N.-W.F.P.,  266  acres,  16,380 
mds. ;  Madras,  250  acres,  18,000  mds.;  Sind,  56  acres;  Mysore,  50  acres,  6,333  mds.; 
others  162  acres,  13,393  mds.;  total,  4,170  acres,  3,75,239  mds.  Of  the  total  pro¬ 
duction,  3,48,684  mds.;  worth  Rs.  24,60,302  are  said  to  be  marketed.  It  will  be 
seen  that  more  than  half  of  the  area  and  nearly  half  the  production  is  in  Baluchistan, 
where  the  industry  is  mainly  in  the  Quetta-Pishin  district.  In  Bombay  about  91% 
of  the  acreage  is  in  Nasik.  All  of  the  grapes  grown  in  the  N.-W.F .P.  are  in  Peshawar 
district,  while  in  Madras  there  are  centres  in  Madura,  Salem,  and  Anantapur. 


By  1948  the  area  in  Bombay  had  shrunk  to  831  acres,  but  Naik  (1949) 
reports  a  considerable  increase  in  Madras,  where  commercial  production  is  limited 
to  a  small  area  near  the  foot  of  the  Kodaikanal  hills,  Krishnagiri,  and  Penukonda, 
although  there  are  stray  instances  of  success  in  many  other  parts  of  both  the  plains 
and  the  hills.  He  says,  ‘Experience  in  viticulture  in  South  India  has  proved  that 
the  yields  and  quality  of  grapes  produced  in  certain  situations  under  the  tropical 
conditions  of  South  India  are  in  no  way  less  than  those  reported  from  what  are 
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usually  considered  as  the  ideal  home  for  the  fruit.’  He  believes  that  the  grape  can 
become  one  of  the  most  profitable  fruits  in  that  area. 

The  Report  states  that  India  annually  imported  about  8,300  tons  ol  grapes, 
of  which  98%  came  from  Afghanistan,  in  addition  to  eight  or  nine  thousand  tons 
of  raisins.  It  is  therefore  'obvious  that  there  is  ample  room  for  the  development 
of  the  industry  within  the  country.  The  consumption  of  fresh  grapes  could  un¬ 
doubtedly  be  greatly  increased  if  grapes  of  good  quality  were  grown  in  those  parts 
of  the  country  which  now  depend  on  imports  from  distant  places. 


The  climate  is  a  very  important  factor  in  the  grape  industry.  Dry  weather 
at  the  time  the  fruit  is  developing  and  maturing  is  most  important.  Rain  at  that 
time  is  likely  to  cause  the  berries  to  crack  and  spoil.  Many  of  the  superior  varie¬ 
ties  fail  in  large  parts  of  the  country  because  they  do  not  mature  before  the  begin¬ 
ning  of  the  monsoon.  Some  varieties  which  do  mature  early  are  so  sour  as  to  be 
of  no  great  value.  Dry  weather  at  the  time  of  flowering  is  also  desirable.  High 
temperatures  are  desirable  during  the  ripening  period.  When  dormant,  the  vines 
can  stand  considerable  frost,  but  cold  weather  is  a  hazard  during  the  growing 
season.  In  Baluchistan,  temperatures  as  low  as  12°F.  have  been  known  in  winter, 
but  loss  is  quite  common  from  late  spring  frosts,  after  growth  has  started.  In  Bom¬ 
bay,  where  the  crop  is  grown  during  the  winter,  it  is  sometimes  damaged.  It  is 
estimated  that  a  severe  frost  in  January,  1929,  resulted  in  a  loss  of  several  lakhs  of 
rupees  to  the  grape  growers  of  Nasik. 


It  is  thus  obvious  that  grapes  are  grown  under  two  different  sets  of  climatic 
conditions.  In  Baluchistan  the  vines  are  dormant  during  the  cold  winter,  at  which 
time  the  entire  annual  rainfall,  amounting  to  about  8  to  12  inches,  is  received.  The 
grapes  mature  in  the  summer,  when  it  is  very  dry,  and  the  temperature  approaches 
„  ;  Somewhat  higher  temperatures,  up  to  115,  might  be  an  advantage.  In 

Bombay,  on  the  other  hand,  the  crop  is  borne  in  the  winter,  when  it  is  comparatively 
dry  and  warm,  and  the  vines  are  in  a  vegetative  condition  during  the  hot  summer 
and  the  rainy  season.  In  much  of  northern  India  the  winters  are  too  cool  to  allow 
e  letter  giapes  to  ripen  before  the  rainy  season,  as  is  done  in  Bombay,  and  the 
summers  are  too  wet  to  allow  them  to  ripen  at  the  time  they  do  in  Baluchistan 

Fairly  light  soils  are  ordinarily  preferred  for  p-ranpc  j  j  • 

essential  Mustafa  and  Ginai  (1941)  state  that  in  Baluchistin  a  ha  d  bUck3  Is 
preferred  for  the  variety  Spin  Kishmish,  a  hard  reddish  soil  f„r  H,-,  j  ] 

t  '"t""  zrzMSx 

Baluchistan.  I„  other  parts  ’ofThe  ITh T  t™0"*  'han  ““  Same  Varieties  do 
Because  of  the  poorquality  of  the  sofTin  Mat!  ^ding  .clays,  are  used, 
sary  ,n  preparing  the  pits  or  trenches  in  which  the’v  ?  COasldered  ne“s- 

are  dug  about  six  months  in  advance  and  are  fill  ^  T  "*  ®  p,a",ed-  TheSe 

of  lwo  °f  —  —  — d  £ 


< 


■  FRUIT  GEO  WING  IN  INDIA 

,  nf  i 

of  the  following:  bone  meal,  tank  silt,  well  rotted  sheep  or  cattle  manure,  loose  red 
earth  or  ant-hill  earth.  Water  is  given  repeatedly,  and  the  mixture' is  turned  over 
occasionally.  When  it  sinks,  another  layer  is  .added.  At  the  time  of  planting,  a 
small  hole  for  the  roots  is  made  in  this  compost. 

Cuttings  are  almost  universally  used  in  India  and  in  other  countries  where 
the  phylloxera  is  not  a  pest.  Ripened  wood  is  cut  into  pieces  about  9  to  18  inches 
long,  the  lower  cut  being  just  below  a  node.  They  are  planted  with  one  or  two 
internodes  exposed.  In  most  varieties  these  grow  readily,  but  if  not,  layering  can 
be  used.  In  Europe  and  the  eastern  part  of  the  United  States  vinifera  grapes  are 
grafted  on  the  American  species.  This  presents  no  difficulties,  the  ordinary  cleft 
graft  being  commonly  used.  Seedlings  may  easily  be  grown,  but  as  vegetative  prop¬ 
agation  is  so  easy,  and  the  seedlings  vary  greatly,  seeds  are  used  only  in  breeding 
new  varieties.  In  Baluchistan  three  cuttings  are  planted  at  a  place  in  March.  The 
best  is  kept,  and  the  others  discarded  or  used  to  fill  any  gaps  in  the  plantation.  In 
Bombay  the  cuttings  are  started  in  a  nursery  in  October,  and  set  out  in  January. 
In  Madras  it  is  considered  better  to  plant  the  cuttings  in  nurseries,  but  some  are 
planted  directly  in  the  vineyard. 

Methods  of  Training 

’ :  ?  C  ' 

The  training  and  pruning  of  the  vine  are  matters  of  grekii  importance,  and 
influence  very  largely  all  other  operations,  from  planting  to  harvesting.  In  the 
long  history  of  grape  growing,  many  different  methods  of  training  have  been  devel¬ 
oped,  varying  all  the  way  from  praotically  no  care  to  extremely  heavy  pruning 
each  year,  or  even  twice  a  year.  Unpruned  vines,  growing  on  pergolas  or  over 
buildings,  often  become  very  large,  and  a  single  plant  may  produce  a  tremendous 
amount  of  fruit.  In  commercial  production,  however,  heavy  pruning  is  generally 
practised.  -  •;  [,j  c. 

Several  methods  of  training  are  used  in  India.  In  Baluchistan  the  vines  are 
planted  in  trenches  about  feet  wide  and  2  to  3  feet  deep.  The  earth  removed 
from  the  trenches  is  heaped  up  on  the  edges,  and  the  vines  are  supported  by  the 
sloping  side  of  the  trench.  The  Marketing  Report  states  that  the  trenches  are 
about  12  feet  apart  and  the  vines  not  more  than  8  feet  apart  in  the  case  of  Kishmish, 
but  12  feet  in  the  case  of  Haitha. ,  Mustafa  and  Ginai  (1941),  however,  say  the 
vines  are  5  to  8  feet  apart  in  trenches  20  feet  apart,  which  would  seem  to  make  less 
efficient  use  of  the  soil.  They  also  state  that  as  the  -vines  grow,  more  earth  is  dug 
out  of  the  trenches  until  they  are  7  or  8  feet  deep,  though  eventually,  to  rejuvenate 
the  vines,  the  trenches  may  be  filled  in  entirely.  ' 

One  year  after  planting,- the  vines  are  pruned  back  late  in  the  spring,  to  a 
single  shoot  of  two* to  four  nodes.  "The  next  year  two  strong  side  canes  are  selecte 
and  pruned  to  three  nodes,  while  an  upright  is  also  retained  and  pruned  back,  thus 
forming  a  main  stem  with  three  arms.  Each  year  about  two  canes  are  retaine  on 
each  arm.  At  each  pruning  the  ends  of  the  canes  are  inserted  m  holes  in  the  side 
of  the  trench,  which  is  said  to  protect  them  from  sun  and  wind. 


I 


Grapevine  trained  on  wall  of  trench  in  Same  grapevine  as  in  figure  on  left 

Baluchistan,  before  pruning.  after  pruning. 


Grapevines  trained  to  single-stake 

Tho  Sie  stake  system  in  Bomba 

man  Ousting  the  vines 
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m  system  used  in  Bombay  State  is  entirely  different,  and  is  called  the 
single-stake  method.  In  this,  live  stakes  of  pangara  (Ery'hnna  mdma)  are  used  to 
support  the  vines.  Two  rooted  cuttings  are  transplanted  at  each  place,  acco  g 
to  Gandhi  (1928),  so  that  if  one  dies,  one  will  still  remain.  The  istance  e  ween 
permanent  vines  is  generally  7  or  8  feet.  All  side  buds  are  removed  from 
growing  stem  until  April,  when  the  topmost  four  are  left.  The  vines  are  t  en  a  ou 
five  feet  tall.  Cuttings  of  pangara  about  six  feet  long  are  planted  nine  inches  to 
leeward  of  the  vines,  apd  in  May  the  lower  half  is  whitewashed  and  the  upper  part 
painted  with  Coal  tar.  These  supports  take  root  and  grow,  but  as  they  are  shallow- 
rooted,  it  is  thought  that  they  do  not  compete  seriously  with  the  vines.  The  four 
buds  which  are  left  in  April  of  the  first  year  become  the  basis  of  all  future  pruning. 
In  October  the  canes  coming  from  these  four  buds  are  pruned  back  to  a  length  con¬ 
taining  three  or  four  buds  which  shoot  out  and  in  April  are  in  turn  pruned  back  to 
single  buds.  Thereafter,  each  year  the  shoots  are  pruned  back  to  three  or  four  buds 
in  October.  Those  nearest  the  end  grow  and  bear  fruit,  but  at  least  one  bud 
ordinarily  remains  dormant.  In  April  the  cane  is  pruned  back  to  a  single  dormant 
bud,  which  then  grows  and  bears.  Gole  (1943)  complains  that  the  growers  tend  to 
leave  too  many  buds  which  results  in  a  large  crop  of  poor  quality.  The  fruit  is 
borne  in  a  few  clusters  near  the  base  of  the  shoot.  At  about  five  years  of  age,  four 
strong  canes  are  sometimes  tied  to  those  from  adjacent  vines. 


The  head  system  is  somewhat  similar  to  the  single-stake,  but  in  it  the  vine  is 
kept  much  shorter,  from  one  and  a  half  to  four  feet  high.  It  is  necessary  to  stake 
the  vines  only  for  four  to  six  years,  after  which  the  stem  is  strong  enough  to  stand 
by  itself.  This  is  the  method  most  commonly  used  with  vinifera  grapes  in  America, 
and  is  reported  by  L.  Singh  and  Singh  (1934)  to  be  successful  in  the  Punjab 
with  some  varieties  making  poor  vegetative  growth.  Pruning  is  done  only  once  a 
year.  In  Madras  the  vines  are  generally  trained  on  pandals  or  arbors,  supported 
by  live  stems  of  Erythrina  indica  or  Commiphora  beryii ,  or  by  wood,  stone,  or 
metal.  The  arbor  is  5  or  C  feet  high,  and  the  vines  are  trained  to  single  or  double 
stems,  without  further  branching,  to  this  height.  Side  shoots  are  then  allowed  to 
grow,  are  trained  in  various  directions,  and  are  tied  down.  As  soon  as  the  vines 
attain  bearing  age  and  are  spread  over  the  arbor,  regular  pruning  starts.  The  time 
and  method  are  not  yet  standardized,  but  commonly  the  vines  are  cut  back  to  from 
3  to  7  buds  in  mid-winter  and  again  in  May  or  June.  For  a  good  crop,  8  to  12 
fruiting  canes,  each  with  4  or  5  buds,  is  likely  to  be  sufficient.  The  Bombay  system 
is  used  by  some  growers,  and  at  Kodur  the  cordon  system  has  been  satisfactorily 
used.  The  number  of  vines  per  acre  varies  tremendously,  from  about  40  to  200. 

Several  systems  using  wire  trellises  are  popular  in  various  parts  of  the  world, 
and  have  been  used  in  India.  They  are  not  common  here  because  of  the  relatively 
great  expense.  In  the  Kniffen  or  Espalier  system,  one  or  two  wires  are  strung  from 
posts,  and  a  single  stem  is  trained  as  far  as  the  top  wire.  There  permanent  arms 
are  trained  along  the  wire  in  both  directions  until  they  meet  the  arms  of  the  adjoin¬ 
ing  plants.  If  there  are  two  wires,  another  pair  of  arms  follow  the  lower  wire. 


302 


FRUIT  GROWING  IN  INDIA 


"VT1  l“l  “d>  * 

similar,  but  in  it  the  main  stem  is  'taken  up  to  th  '  °^°n  trai"lnS  18  somewhat 

growing  in  one  direction  only.  This  system  wa  fo  dV  f  Sf  ^ 

varieties  on  good  soil  in  the  Punjab.  f  d  f  S°me  °f  ,he  v,g°rous 

In  addition  to  the  heavy  annual  or  semi-annual  pruning,  some  pruning  of  the 

fn°Zd  TS  'S  7Uent'y  deSirable'  ^  Baluchi8la'’  *ad  branches  are  removed 
jl  Pn’  0°ng  Wlth  anJ  water  sProu,s  which  may  appear  on  the  trunk.  Pahvar- 
dhan  1919  recommends  that  each  shoot  be  pinched  off  at  about  the  fourth  leaf 

beyond  the  bunch  of  fruit.  All  secondary  branches  arising  along  the  shoots  may 
well  be  removed  The  earl.er  in  the  season  this  work  is  done,  the  more  profitable 
It  is.  In  case  the  ‘head’  becomes  too  dense,  it  may  be  necessary  to  thin  out  some 
of  the  branches  at  the  time  of  the  semi-annual  pruning;  along  with  any  dead  wood. 
In  Baluchistan,  sheep  are  sometimes  allowed  to  eat  the  leaves  about  three  weeks 
before  they  would  fall. 


Girdling  has  long  been  practised  on  certain  varieties  of  grapes,  and  seems  to 
be  necessary  in  order  to  get  a  satisfactory  crop  in  the  varieties  which  yield  currants. 
It  has  not  been  used  to  any  extent  in  India.  Dhillon  and  Singh  (1949  B)  found 
that  ringing  the  canes  of  the  Black  Prince,  a  vinifera  grape,  at  Lyallpur,  increased 
the  yield  and  the  size  of  the  berries.  It  also  hastened  the  achievement  of  the  colour 
at  which  they  were  harvested,  but  apparently  not  true  maturity.  In  another  experi¬ 
ment  (1949  A)  they  seemed  to  find  that  this  colouring  was  hastened  more  by  a 
combination  of  cane  and  trunk  ringing  than  by  either  alone,  but  there  are  so  many 
unexplained  variations  in  the  data  that  the  results  are  questionable,  and  as  trunk 
ringing  in  experiments  elsewhere  has  seemed  to  decrease  the  vitality  of  the  vines, 
they  do  not  recommend  it. 

Root  pruning  is  commonly  used  in  some  parts  of  South  India,  according  to 
Naik  (1949),  water  being  withheld  for  a  fortnight,  after  which  a  trench  is  dug 
around  the  vine,  4  or  5  feet  deep  and  the  roots  are  exposed  for  a  few  hours  before 
the  soil,  mixed  with  manure,  is  returned.  The  expense  involved  must  be  very  large, 
and  as  Naik  says  that  it  is  not  certain  that  the  treatment  is  desirable,  there  seems 
little  justification  for  the  practice.  f  j 

Cultivation,  irrigation,  and  manuring  are  much  as  in  the  case  of  other  fruits. 
Naik  (1949)  stresses  the  importance  of  frequent  shallow  cultivation  to  remove  the 
weeds.  As  warm,  dry  weather  is  essential  during  the  growing  season,  irrigation  is 
important.  Gandhi  (1928)  recommends  that  at  Nasik  not  more  than  ten  irrigations 
be  given,  starting  a  month  and  a  half  or  two  months  after  the  monsoon,  until  March, 
and  thereafter  three  until  the  next  rainy  season.  In  Baluchistan  great  care  is  used 
in  irrigation.  It  is  considered  important  to  irrigate  two  or  three  times  in  January, 
when  the  vines  are  dormant,  possibly  as  protection  against  freezing'  weather.  It  is 
believed  that  watering  during  flowering  causes  a  poor  set  of  fruit,  and  during  the 
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ripening  season  it  makes  the  berries  watery  and  sour.  During,  the  rest  of  the  sum¬ 
mer  the  vineyards  are  regularly  irrigated. 

Manuring  does  not  seem  to  be  of  great  importance  in  Baluchistan,  where, 
according  to  Mustafa  and  Ginai,  about  four  pounds  of  farmyard  manure  is  applied 
in  a  small  pit  around  the  collar  of  each  vine  once  in  three  or  four  years.  Gandhi 
suggests  a  more  liberal  treatment,  three  baskets  of  farmyard  manure  per  plant  every 
spring.  Naik  (1949)  says  that  a  heavy  annual  application  of  manure  is  essential. 
Sultan  (1935)  recommends  the  addition  of  two  or  three  pounds  each  of  bone  meal, 
fish,  and  castor  cake  in  Hyderabad.  The  United  Provinces  Department  of  Agricul¬ 
ture  (Anon.,  1941  A)  recommends  farmyard  manure  or  night  soil  at  the  rate  of  one 
•basket  per  plant  until  10  years  of  age,  and  thereafter  two.  This  is  given  in  con¬ 
nection  with  root  exposure  and  pruning,  which  is  begun  in  December.  In  the 
absence  of  these  organic  manures,  a  mixture  of  equal  parts  of  sulphate  of  potash, 
hoof  and  bone  meal,  and  bone  flour,  at  the  rate  of  3  to  4  ounces  per  square  yard  is 
suggested.  In  addition,  2  ounces  per  square  yard  twice  in  the  growing  season,  of 
the  following  mixture  is  advocated:  2  parts  of  sulphate  of  potash  and  one  each  of 
sulphate  of  ammonia,  dried  blood,  and  superphosphate.  A  further  application  of 
potash  is  said  to  encourage  a  good  colour. 

Windbreaks  are  valuable,  as  strong  winds  cause  the  flowers  to  shed,  and  injure 
the  young  shoots.  In  Baluchistan,  where  both  the  cold  winds  of  winter  and  the 
hot  winds  of  summer  are  feared,  vineyards  are  frequently  surrounded  with  mud 
walls  six  or  eight  feet  high. 


Pests  and  Diseases 

The  grape  suffers  from  a  large  number  of  pests  and  diseases.  Only  one  of  a 
large  number  of  harmful  insects  in  Europe  and  America  is  the  aphid,  Phylloxera 
vastatrix,  reference  to  which  has  been  made  in  this  and  in  a  former  chapter.  The 
most  important  insect  pest  in  India  is  the  flee  beetle,  Scelodonta  strigicollis.  This 
small  beetle  eats  the  buds  and  causes  substantial  damage  in  Bombay  and  South  India 

nLr'°giand  C°mr01  0f  thiS  pest  have  been  described  by  Trehan  and  others 
(1947)  The  eggs  are  laid  from  March  to  October  beneath  the  bark  and  in  crevices 
in  it  and  hatch  in  from  4  to  7  days.'  The  larvae  feed  on  the  cortical  portion  of  the 
roots  but  are  not  considered  pests.  They  pupate  after  6  or  7  weeks,  and  the  adults 
erge  in  7  to  11  days.  The  adults  live  9  to  12  months,  hibernating  in  mid-winter 
under  he  bark  or  in  dried  leaves.  They  sometimes  kill  canes  as  well  as  damaging 
ebuds.  Even  m  welbmanaged  vineyards  they  may  cause  11  to  31%  daml^ 


304 


FRUIT  GROWING  IN  INDIA 


method  of  catching  this  pest  is  used.  Bundles  of  dry  banana  leaves  are  tied  around 
the  stems  of  the  vines,  and  the  beetles  take  shelter  in  the  leaves,  which 
are  then  removed  and  burned,  or  the  beetles  are  shaken  out  of  them  and  killed. 
Dead  hark  which  may  harbour  the  beetles  should  be  removed.  Another  method  is 
to  pass  burning  bundles  of  sann-hemp  over  the  vines  just  after  sunset,  6,  8  and  10 

days  aftei  pruning.  In  Madras  the  use  of  Bordeaux  mixture  and  calcium  arsenate 
has  been  recommended. 

Termites  are  reported  by  Kissan’  (1942)  to  be  the  most  serious  pest  in  the 
Punjab.  Intensive  hand  cultivation  was  the  only  method  found  which  would  protect 
the  plants,  and  this  was  not  economic,  although  it  was  found  possible  to  produce 
many  varieties.  Parakeets  and  other  birds,  and  ants  which  attacked  the  fruit  on  the 
drying  trays,  were  also  pests. 

A  number  of  other  pests  are  mentioned  by  Naik  (1949).  The  leaf  roller, 
Sylepta  lunalis  is  a  caterpillar  sometimes  found  in  large  numbers  but  generally 
checked  by  parasites.  When  control  is  needed,  hand  picking  or  spraying  with  lead 
arsenate  may  be  used.  The  cockchafer  beetle,  of  which  Ayyar  (1940)  names  two 
species,  Adoretus  lasiopygus  and  A.  versutus,  sometimes  defoliates  vines  after  the 
first  heavy  rain.  They  hide  in  the  soil  during  the  day,  when  they  can  be  hand¬ 
picked,  or  a  poison  spray  may  be  applied.  The  grapevine  sphinx,  Hippotion  celerio 
is  a  large  caterpillar  and  can  easily  be  controlled  by  hand-picking.  A  minor  pest 
is  the  leaf-miner,  Phyllocnistis  toparcha  which  can  be  controlled  by  destroying  the 
infested  leaves.  The  vine-girdling  beetle,  Sthenias  grisator,  can  be  controlled  by 
burning  the  canes  it  kills.  A  scale  of  the  genus  Aspidiotus  sometimes  interferes 
with  the  growth  of  buds,  and  even  kills  vines.  Infested  portions  should  be  removed 
in  pruning,  and  if  necessary,  the  vines  may  be  sprayed  with  crude  oil  emulsion  or 
fish  oil  rosin  soap.  A  mite,  Paratetranychus  punicae ,  appears  in  such  large  num¬ 
bers  on  the  tender  leaves  in  some  seasons  as  to  reduce  the  yield.  It  can  be  very 
effectively  controlled  by  dusting  with  sulphur.  Ayyar  (1940)  also  mentions  the 
grape  thrips,  Rhipiphorothrips  cruentatus,  which  lacerates  the  leaves  and  sucks  up 
the  juice,  causing  the  leaves  to  fall.  It  can  be  controlled  by  spraying  or  dusting 
with  nicotine.  Mustafa  and  Ginai  report  as  pests  four  species  of  wasps;  the 
sphingid  moths,  Theretra  alecto,  Celerio  lineata,  and  Herse  concolvuli;  and  the 
arape^leaf-hopper,  Empoasca  decipiens.  Rahman  and  Ansari  (1941)  include  the 
grape  among  the  hosts  of  the  California  red  scale,  Aonidiella  aurantn  and  the  Ori¬ 
ental  yellow  scale,  A.  orientalis. 

The  most  destructive  disease  of  the  grape  in  Bombay  is  the  powdery  mildew, 
caused  by  the  fungus  Uncinuh  necator.  Powdery  mildew  is  also  found  in  Baluchi¬ 
stan  and  Madras.  All  green  parts  of  the  plant  are  attacked.  White  patches  appear 
on  both  sides  of  the  leaves  and  on  the  shoots,  and  in  severe  cases  the  vine  appears 
wilted.  Flowers  are  frequently  attacked,  and  may  fail  to  set  fruit.  Berries  attac  e 
when  young  fall  off;  when  half  grown,  they  may  be  irregular  in  shape,  covered  wit  i 
mildew,  and  may  even  crack.  Some  that  ripen  have  disfiguring  spots.  Ihe  ripe 

berries  are  not  attacked. 
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The  fungus  can  grow  at  temperatures  between  50  and  100°  F.,  the  optimum 
bein^  85  to  95°.  It  is  favoured  by  high  humidity  and  cloudiness,  but  actual  ram 
seems  to  interfere  with  its  growth,  perhaps  washing  the  spores  onto  the  ground. 
The  hot  dry  weather  of  Sind  seems  to  have  prevented  the  disease  from  appearing 
there.  Weather  conditions  in  Bombay  during  the  winter,  especially  October  and 
November,  are  nearly  ideal,  and  it  is  at  this  time  that  the  disease  causes  the  most 
damage.  Formerly  spraying  with  Bordeaux  mixture  was  commonly  practised. 
Control  is  imperfect,  however,  and  the  berries  are  stained  Uppal  and  others 
(1930)  report  that  dusting  with  sulphur  gives  better  control  without  any  staining, 
and  recommend  three  applications  in  the  winter.  The  first  is  given  when  the  shoots 
are  6  to  8  inches  long,  the  second  during  or  just  before  blossoming,  and  the  third 
40  to  50  days  later.  Rarely  a  fourth  application  15  to  20  days  later  is  required. 
The  sulphur  can  be  adulterated  with  some  inert  powder  up  to  20%,  and  this  reduces 
the  injury  which  may  be  caused  by  high  grade  sulphur  in  hot  weather.  The  cost 
of  three  applications  on  vines'  of  average  size  is  given  as  Rs.  8-8-0  an  acre. 


Anthracnose  is  of  much  less  importance  than  powdery  mildew,  but  at  times 
causes  considerable  damage  in  Bombay  and  Madras.  It  is  caused  by  the  fungus 
Gloeosporium  ampelophagum,  which  flourishes  in  wet  weather,  and  at  lower  tem¬ 
peratures.  The  disease  is  therefore  of  importance  only  when  the  rainy  season 
extends  into  October  and  November.  It  causes  cankers  on  the  leaves  and  shoots, 
may  prevent  the  setting  of  fruit,  and  produces  red  spots  with  gray  centres,  called 
bird  s-eye  spots,  on  the  fruit.  After  the  disease  appears,  there  is  little  to  be  done, 
but  by  spraying  with  Bordeaux  in  May  and  again  about  the  end  of  July,  it  can  be 
largely  prevented.  Early  pruning  of  the  vines,  in  an  attempt  to  secure  an  early 
crop,  increases  the  danger  of  a  serious  outbreak,  and  is  therefore  discouraged. 
Irrigation  may  also  be  restricted  if  the  disease  has  appeared  during  the  monsoon, 
and  all  diseased  wood  should  be  removed  and  burned.  Naik  (1949)  recommends 

spraying  with  lime-sulphur  or  an  acid  solution  of  iron  sulphate,  or  dusting  with 
sulphur. 


Downy  mildew  is  another  fungous  disease  which  flourishes  in  wet  weather, 
and  occasionally  causes  severe  loss.  It  is  caused  by  Plasmopara  viticola.  In  Madras 

nolnm  t0  **  harmfu1’  th°Ugh  less  COmmon’  than  powdery  mildew.  Hafiz 
1  B  waySr>th,at  U  and  p0wder>r  mildew  are  the  most  important  diseases  of  the 

M  to  6^St  »  ’  “t  ,hat  infeCUOn  "  8reate9t  Where  ,he  *™P«ature  is  about 

™°,  ,F-  MefUreS  Ataken  aSai"st  mildew  and  anthracnose  are  usually 

inu  three  r  COnt  i!‘r  A.pr0Sramme  aagg«ted  for  all  three  diseases  includes  spray 

Hoc  rot  65  7  T’  f0"°Wed  by  ,hree  °r  four  Stings  with  sulphur. 

,  very  estructive  disease  in  Europe,  was  found  in  1926  near  Nasik  It  is 
caused  by  Dematophora  necatrix  Shm,M  "  lk’  11 18 

Should  he  dug  out  and  dese  ed,'  and  th  ar  a  Tould  T7  ^ 

trench  to  avoid  the  spread  of  the  fungus  through  the  sUl  7  meanS  °f  3 

Grapes  are  being  harvested  some  olaee  in  t,,j-  j  r>  i  • 

Of  the  year.  The  Baluchistan  crop  begins  about  he  ^  ^Jt  f'T  eVCTy  m°n'h 
39  g  ut  lhe  middle  of  June,  reaches  its 
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height  in  August  and  September,  and  continues  into  November.  Near  Peshawar, 
grapes  are  harvested  from  June  to  August.  In  the  southern  part  of  the  country 
there  4re  two  fruiting  seasons  a  year,  but  the  fruit  which  ripens  from  August  to 
October  is  sour  and  of  such  poor  quality  that  in  most  places  it  is  disregarded.  This 
amounts  to  about  a  third  of  the  annual  production  at  Madura,  however,  and  45%  of 
that  at  Krishnagiri.  The  main  crop  lasts  from  December  to  May  or  even  June, 
and  is  at  its  height  in  March. 

i 

The  size  and  shape  of  the  bunch  varies  greatly  with  different  varieties.  The 
preference  is  for  a  fairly  compact  bunch  but  loose  enough  that  the  berries  are  not 
crowded  out  of  shape,  and  the  bunch  may  be  fitted  in  with  others  in  the  basket  or 
box.  Some  varieties  are  benefited  by  the  removal  of  some  of  the  berries  while 
small,  slender  scissors  or  knives  being  used.  In  the  case  of  very  loose  bunches 
there  is  not  much  which  can  be  done. 


A  very  large  number  of  varieties  of  grapes  are  grown  in  different  parts  of  the 
world,  but  comparatively  few7  are  grown  commercially  in  India.  Two  varieties 
predominate  in  Baluchistan,  according  to  the  Report  on  the  Marketing  of;  Grapes. 
Haitha  (Haita),  a  large,  oval,  seedy,  white  grape  which  ripens  from  August  to 
November,  constitutes  95%  of  the  crop  in  the  Pishin  area.  The  Sultana,  known 
locally  as  Speen  (Spin)  Kishmish,  is  a  small,  greenish-yellow,  seedless  grape,  ripen¬ 
ing  almost  as  late  in  the  season.  It  constitutes  95%  of  the  crop  in  the  Quetta  area. 
Other  commercial  varieties  in  Baluchistan  are  Sahibi,  large  and  yellow;  Tor,  large 
and  dark  purple;  and  Hussaini,  large' and  pale  green..  Mustafa  and  Ginai  describe 
these  and  13  other  varieties.  Tor  is  the  main  grape  in  the  Peshawar  area,  amount¬ 
ing  to  65%  of  the  crop,  while  Bedana,  a  grape  of  the  Sultana  type,  makes  up  25%. 


By  far  the  most  important  variety  in  the  rest  of  India  is  Bhokri,  which 
is  said  to  constitute  99%  of  the  crop  in  Bombay.  This  is  a  round  green  variety 
which  produces  good  bunches  and  the  highest  yield.  The  quality  is  good,  although 
the  skin  is  thick  and  tough.  Fakdi  (Fakri)  has  a  vigorous  vine,  but  is  a  shy  bearer 
with  loose  bunches  of  smaller,  oval,  green  berries  with  thin  skin.  The  quality  is 
superior,  but  it  does  not  ship  well,  and  this,  coupled  with  the  poor  yield,  prevents 
it  from  being  largely  grown  commercially.  However,  it  is  reported  that  one 
grower  increased  the  yield  12%  and  improved  the  flavour,  by  grafting  Fakdi  on 
Bhokri,  and  this  practice  may  lead  to  the  larger  use  of  this  variety.  The  best  of 
the  varieties  grown  in  Bombay  is. the  Pandhri  Sahebi,  with  long  green  berries  as 
large  as  those  of  Bhokri,  a  firm  pulp  and  a  skin  which  is  thick  enough  to  make  this 
a  "ood  keeper,  but  not  tough.  The  vine  is  slow-growing  and  a  shy  bearer.  Being 
partly  self-sterile,  it  produces  a  good  many  small  seedless  berries  when  planted  by 
itself,  but  when  planted  near  Bhokri  vines  it  bears  good  bunches.  Next  in  quality 
comes  the  Kali  Sahebi,  also  a  shy  bearer,  but  vigorous,  with  compact  bunches  which 
are  sometimes  very  large,  but  unfortunately  ripen  irregularly.  It  ripens  about 
days  later  than  Bhokri,  and  as  the  name  indicates,  is  a  dark  purple  when  ripe. 

In  Madras  the  common  varieties  are  Pachai-drakshai,  meaning  green  SraPe> 
Speen  Kishmish  imported  from  Baluchistan,  and  Bedana  probably  imported  from 


the  grape 


307 


Peshawar.  The  Haitha  from  Baluchistan  and  other  fore'^ Blue  or 
trial.  The  most  important  variety  in  Mysore  is  died «  b 
Bangalore  Blue,  and  apparently  belongs  to  the  species  V.  labrusca  or  n> 

Extensive  trials  of  gra’pe  varieties  have  been  carried  on  at  Poona  and  Ly^lb 
pur  including  those  from  other  countries  as  well  as  from  all  parts  of  India, 
^’varieties,  L.  Singh  and  Singh  (1934)  found  7  that  were  P— 8'  ^ 

these  more  promising  varieties  are  those  known  as  Seedlees,  Khilili,  Made 
A  line  and  Foster  Seedling.  The  same  authors  (1940)  have  described  66  of 
these  varieties  after  studying  the  characters  of  the  vines  and  the  grapes  usefu  in 
classification.  The  features  used  in  identification,  m  order  of  importance  are  U) 
leaf  shape  and  pubescence,  (b)  colour  of  berries,  (c)  shape  of  berries  (d)  colour 
and  pubescence  of  growing  shoots,  (e)  cane  characters  and  (f)  some  characters  o 
the  peduncle,  pedicel,  and  skin.  Short,  popular  descriptions  of  112  varieties  have  been 
given  by  the  same  authors  (1942  B).  An  editorial  note  in  the  Punjab  Fruit  Journal 
for  April,  1947,  states  that  of  the  foreign  varieties  which  grew  well  at  Lyallpur,  all 
were  of  poor  quality  and  that  breeding  work,  started  in  1937,  had  produced  eight 
promising  seedlings.  Varma  (1947  A)  reports  on  a  trial  of  seven  labrusca,  or 
hybrid  varieties  planted  from  4,000  to  5,000  feet  above  sea  level  in  Patiala.  The 
most  productive  variety,  the  famous  American  variety  Concord,  yielded  at  the  rate 
of  5,836  lbs.  per  acre  when  about  four  years  old.  Because  the  fruit  is  subacid  and 
seedy,  the  market  price  was  only  about  half  that  of  vinifera  grapes,  but  even  so, 
the  crop  seemed  an  economic  success.  In  Uttar  Pradesh  (Anon.,  1941  A)  more 
than  40  varieties  are  reported  under  trial  at  Saharanpur  and  elsewhere,  some  of 
which  are  regarded  as  promising. 


Breeding  work  of  a  different  nature  which  may  prove  of  value  in  India  has 
been  done  by  Fennell  (1945)  in  Florida  and  the  West  Indies.  He  used  as  female 
parents  some  of  the  14  or  more  species  growing  in  the  humid  tropical  climate  of  that 
region,  and  as  pollen  parents  some  of  the  temperate  zone  grapes  of  high  quality, 
from  some  10,000  seedlings  he  has  selected  some  with  satisfactory  size,  quality, 
yield,  vigour,  and  disease  resistance,  and  says  they  do  well  both  on  water-logged  soils 
in  Puerto  Rico  and  on  poor  dry  soils  in  southern  Florida.  Some  of  them  might 
prove  successful  in  India. 


Yield  and  Marketing 

The  yield  varies  greatly  with  varieties  and  conditions.  The  vines  start  bear¬ 
ing  in  about  the  fourth  year,  and  should  bear  regularly  from  the  6th,  starting  with 
about  five  pounds  per  vine,  according  to  the  Report  on  Marketing.  Naik  (1949) 
says  that  in  Madras  the  vines  begin  to  bear  in  the  second  or  third  year.  The  vines 
are  ordinarily  considered  to  live  about  as  long  as  men,  but  some  live  much  longer. 
A  vine  planted  in  1769  in  Hampton  Court  in  England  was  recently  reported  to  be 
bearing  1,700  bunches  of  grapes  a  year,  and  vines  planted  about  1761  in  Kandahar 

TheSR  6  SM  ,eanng'  In(hvidual  vines  may  bear  large  quantities  of  fruit. 
The  Report  on  Marketing  mentions  claims  that  vines  in  Baluchistan  bear  as  much 
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as  seven  maunds  of  fruit,  and  reports  crops  actually  amounting  to  two  maunds,  but 
estimates  the  average  yield  of  Haitha  grapes  at  6,150  pounds  per  acre,  and  of 
bpeen  Kishmish  at  6,500.  This  corresponds  fairly  closely  with  the  estimate  of 
Mustafa  and  Ginai  of  14  to  20  pounds  per  vine.  Higher  yields  are  estimated  for 
the  Bhokn  m  Bombay,  11,160  pounds  per  acre,  and  for  the  Bangalore  Blue,  11,610. 
The  estimated  average  for  India  is  7,380,  which  compares  very  well  with  yields  in 
other  countries.  These  are  given  as  7,678  pounds  per  acre  in  California,  4,220  in 
Australia,  4,054  in  France  and  2,405  in  Spain.  Of  the  seven  promising  varieties 
at  Lyallpur  19  plants  are  reported  to  have  averaged  more  than  18  seers  each,  which 
is  at  the  rate  of  about  16,000  pounds  per  acre.  One  plant  produced  68  seers,  but 
the  quality  of  this  variety  is  not  very  high.  Naik  (1949)  mentions  a  report  that 
mature  vineyards  in  Madura  district  yield  about  50,000  lbs.  of  the  Green  variety  in 
the  first  crop  and  20,000  lbs.  in  the  second,  while  the  seedless  varieties  may  yield 
16,000  and  8,000  in  the  two  seasons.  He  finds  it  hard  to  explain  the  difference 
between  such  figures  and  the  average  of  7,000  lbs.  per  acre  for  that  district  given  in 
the  Marketing  Report.  ,  1  i 

• 

The  Indian  market  prefers  a  sweet  grape  without  very  much  acid,  such  as  the 
Sultana  and  Haitha,  although  the  Bhokri  sells  at  a  higher  price  because  of  the 
smaller  production.  The  highest  return  per  acre  is  reported  from  Bangalore,  Rs. 
1,350  per  acre.  Nasik  grapes  are  said  to  bring  about  Rs.1 1,000  per  acre,  although 
Gandhi  gives  the  yield  of  a  three-year-old  vineyard  at  740  baskets  per  acre  with¬ 
out  stating  the  size  of  the  basket.  The  value  was  given  as  two  rupees  a  basket,  or 
Rs.  1,480  per  acre,  which  allowed  a  profit  of  Rs.  333  per  acre  after  deducting  all 
costs . 


In  Baluchistan  the  return  is  put  as  low  as  Rs.  300.  The  Marketing  Report 
indicates  that  considerably  larger  returns  could  be  secured  by  selling  in  the  local 
wholesale  markets  instead  of  through  pre-harvest  buyers.  Naik  (1949)  quotes  a 
report  from  one  grower  in  Madura  in  1946,  who  gives  the  annual  cost  of  produc¬ 
tion  per  acre  as  Rs.  6,000,  while  receipts  from  the  first  and  second  crops  were  Rs. 
7,000  and  Rs.  4,000,  leaving  a  net  profit  of  Rs.  5,000  per  acre. 

The  fresh  grape  is  highly  perishable,  unless  kept  in  cold  storage,  but  with 
careful  handling  grapes  are  successfully  shipped  over  northern  India,  and  to  Burma, 
from  Baluchistan,  while  Bombay  ships  as  far  as  Calcutta.  The  grapes  should  be 
picked  when  fully  ripe,  as  they  do  not  ripen  off  the  vines.  The  practice  of  picking 
them  before  they  are  ripe,  for  the  early  market,  or  in  order  to  complete  harvesting 
in  one  operation  after  the  major  part  of  the  crop  has  been  shipped,  is  condemned  hy 
the  Marketing  Report.  The  sale  of  immature,  sour  fruit  injures  the  market.  The 
bunches  should  be  carefully  cut  with  shears  in  the  morning  or  evening,  but  not 
when  the  berries  are  wet  with  rain  or  dew.  In  Baluchistan  they  are  put  in  bags  tie 
around  the  waists  of  the  pickers,  but  it  is  much  better  to  place  them  on  shallow 
trays.  In  the  packing  shed  they  should  be  carefully  scrutinized,  any  defective  er 
ries  removed  with1  fine  scissors,  and  only  the  good  bunches  packed.  Grading  of 
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the  fruit  is  profitable.  Cold  storage  is  used  in  other  countries,  Hose  and  others 
(1941)  recommending  a  temperature  of  30  to  31°F  with  a  humidity  of  85  to  90%. 

Many  types  of  containers  are  used,  most  of  which  are  not  very  suitable.  In 
Baluchistan,  baskets  made  of  pomegranate  suckers  and  tamarix  twigs,  designed  for 
transport  on  camels  or  donkeys,  are  used.  Bamboo  baskets  are  common  in 
Bombay,  where  large  earthenware  pots  are  also  used.  The  latter  have  the  advantage 
that  everyone  handling  them  realizes  that  they  must  be  treated  gently,  lest  they 
break.  But  they  are  heavy,  and  the  grapes  must  be  removed  from  them  for  inspec¬ 
tion.  The  need  for  stronger  containers  is  stressed  in  the  Marketing  Report,  and  the 
use  of  wooden  crates,  where  these  are  not  too  expensive,  is  recommended.  Soft,  dry 
packing  material,  such  as  straw,  chaff,  wood-wool  and  plain  white  paper,  should 
be  used.  Except  in  Baluchistan,  it  is  common  to  use  green  grape  leaves,  which 
decay  and  generate  heat,  and  so  damage  the  grapes.  At  present,  it  is  generally 
necessary  for  exporters  in  the  local  wholesale  markets  to  repack  the  grapes,  which 
is  bad  for  the  grapes  and  increases  the  cost. 


Most  of  the  Baluchistan  crop  is  shipped  in  refrigerated  vans,  and  a  special 
fruit  express  train  is  run  by  the  railway  during  the  season. 

Co-operative  societies  for  selling  grapes  have  geen  organized  in  Peshaw'ar 
and  Madras,  with  encouraging  results.  The  Government  has  set  up  rules  for  grad¬ 
ing  a  number  of  varieties  of  grapes  and  the  use  of  the  ‘Agmark’  label. 

The  grape  enjoys  a  very  good  reputation,  not  only  as  a  delicious  fruit,  but  as 
a  suitable  food  for  invalids.  Its  value  is  probably  due  largely  to  the  high  content 
of  sugar  in  an  easily  digestible  form.  Gandhi  reports  analyses  of  Bombay  varieties 
which  show  from  13.55  to  22.94%  sugar,  and  0.37  to  1.28%  acid.  The  Marketing 
Report  states  that  the  sugar  content  varies  from  11  to  22%,  and  that  the  Bhokr°i 
at  Poona  tested  18.60%.  Siddappa  (1942)  states  that  at  the  best  stage  for  eatin- 
the  Kishmish  variety  contains  23  to  24%  solids  and  Haitha  18  to  20%,  the  total 
solids:  acid  ratio  in  both  cases  being  about  40  to  1.  He  found  grapes  from  Kanda¬ 
har  and  other  places  somewhat  richer  than  those  from  Quetta.  In  the  United 
States,  a  sugar  content  of  at  least  17%  is  often  required  for  harvesting,  and  raisin 

nXr,?  nTh  red  SUitabV0r  picki"S  until  Uley  show  24%,  and  26%  is 
p  erred  The  iron  content  of  grapes,  and  particularly  of  raisins,  has  been 

13  oTed  y  T’  3  aClUa"y  the  grape  seems  10  be  on,y  a  fair  source  of  iron 
and  other  minerals,  and  a  poor  source  of  vitamins 

but  more  commonly  they  are  removed  from  ^  d“Ster’ 

^largely  used  for  raisins,  and  sometimes  the  Us  J“d 
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Chapter  xxi 


THE  FIG 

Although  wild  figs  have  grown  in  India  for  thousands  of  years,  and  dried 
figs  are  imported  in  large  quantities,  the  common  fig  is  not  much  grown.  This 
is  in  spite  of  the  fact  that  soil  and  climatic  conditions  which  seem  to  be  suitable  are 
commonly  found  in  this  country.  There  are  apparently  opportunities  for  growing 
figs  in  the  neighbourhood  of  cities  for  the  fresh  fruit  market,  and  possibly  for  ex¬ 
tending  their  cultivation  in  the  most  favourable  districts  for  drying.  Much  remains 
to  be  done,  however,  in  order  to  find  the  best  varieties  and  the  most  suitable  cultural 
methods.  Bombay  formerly  had  by  far  the  biggest  fig  industry  in  India,  mainly  in 
Purandhar  taluka,  where  Gandhi  ( 1924)  reported  1,230  acres.  The  area  in  the 
State  has  been  rather  steadily  shrinking,  however,  and  in  1948  was  only  287  acres. 
Naik  (1949)  reports  an  estimated  250  acres  in  South  India,  although  he  says,  ‘It 
seems  clear  that  good  crops  of  fig  can  be  raised  under  all  the  diverse  conditions  of 
South  India,  provided  the  suitable  varieties  are  chosen  for  each  tract. 

The  fig  occupies  a  much  more  important  place  in  the  horticulture  of  some 
other  countries,  particularly  around  the  Mediterranean.  The  leading  producers  are 
Italy,  Spain,  Turkey,  the  United  States,  Greece,  Algeria,  and  Portugal.  These 
countries  account  for  a  large  part  of  the  estimated  1,625,000  acres  of  figs  in  the 
world,  with  a  production  of  perhaps  350,000  tons,  on  a  dry  basis. 


The  original  home  of  the  fig  may  have  been  southern  Arabia,  but  it  soon 
spread  westward.  An  indication  of  its  prominence  in  the  Mediterranean  countries  is 
given  by  the  frequent  mention  of  it  in  the  Bible.  Not  only  are  Adam  and  Eve  said  to 
have  made  the  first  clothing  by  sewing  fig  leaves  together,  but  when  Micah  thinks 
of  the  time  when  ‘nation  shall  not  lift,  up  sword  against  nation,  neither  shall  they 
learn  war  any  more’,  he  says  that  ‘they  shall  sit  every  man  under  his  vine  and  under 
his  fig-tree’.  The  fig  also  appears  in  Egyptian  hieroglyphics,  and  in  the  writings 
of  Homer  and  other  early  Greek  authors.  The  fig  tree  was  considered  sacred  in  all 
of  the  countries  of  southwestern  Asia  and  in  Egypt,  Greece,  and  Italy,  according  to 
Condit  (1947),  who  cites  many  references  to  figs  in  the  mythology  and  literature  of 


that  region. 

The  genus  Ficus  is  a  very  large  one,  containing  more  than  1,000  species.  It 
belongs  to  the  family  Moraceae,  which  includes  the  mulberry  and  jackfruit,  and 
which  is  considered  by  some  botanists  as  part  of  the  family  Urticaceae.  The  common 
fig  is  Ficus  carica,  although  some  varieties  are  probably  hybrids  between  this  and 
other  species.  Several  species  bear  edible  fruits,  but  are  not  ordinanly  cuHiyated. 
Among  these  is  F.  glomerate,  of  which  Shunmukhasundaram  and  Na.du  (1941) 
state  that  the  dried  fruits  may  be  ground  into  a  powder  which  is  eaten  with  great 
relish  with  milk  and  sugar,  as  a  base  for  porridge,  or  in  home-made  sweets.  Nut 
(1949)  states  that  F.  roxburghii  on  the  west  coast  of  South  India  produces  ‘a,r'K 
large  crops  of  brick-coloured  fruits  of  poor  quality.  According  to  Grant 
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Williams  (1936),  in  Burma  F.  cunia  and  F.  hispida  are  eaten  fresh  and  made  into 
jam.  Many  species  are  grown  as  ornamentals,  including  the  very  common  banyan, 
peepul,  and  a  species  which  clings  to  walls.  F.  elastica,  the  rubber  tree,  is  grown 
as  an  ornamental  and  is  used  to  a  small  extent  for  making  rubber,  although  the 
much  more  important  Para  rubber  tree  is  a  member  of  an  entirely  different  family. 

The  fig  grows  under  a  wide  variety  of  climatic  conditions.  It  is  a  deciduous 
tree,  and  can  stand  winter  temperatures  as  low  as  18°  F.  or  even  15°  in  the  case  of 
dormant  mature  trees,  according  to  Condit  (1933).  Young  trees  are  much  less 
hardy.  On  the  other  hand,  there  is  little  need  for  chilling  to  break  the  rest  period, 
and  in  regions  of  warm  winters  growth  may  be  almost  continuous.  Warm  weather 
while  the  fruit  is  ripening  is  necessary  for  good  quality,  but  satisfactory  figs  are 
produced  under  glass  in  England.  Summer  temperatures  up  to  about  115°  seem 
to  do  no  harm  except  that  fruit  ripening  at  the  time  may  be  sunburnt.  Condit 
(1947),  however,  points  out  that  when  the  temperature  is  much  above  100°F.,  the 
fruit  tends  to  ripen  premaurely,  to  have  a  tough  skin,  and  to  be  deficient  in  pulp. 
Ramy  weather  while  the  fruit  is  ripening  is  undesirable,  as  the  fruit  may  be  insipid 
under  such  conditions,  and  is  likely  to  spoil  even  before  it  is  fully  ripe.  The 
climate  has  a  greater  effect  on  the  characteristics  of  the  fruit  than  is  the  case  with 
most  species.  Condit  (1950)  states  that  the  size,  shape,  bloom,  colour  of  the  skin 
and  of  the  pulp,  quality,  and  tendency  toward  parthenocarpy  may  all  be  markedly 
influenced.  The  differences  in  the  colour  of  the  skin  and  pulp  are  frequently  such 
as  would  indicate  a  difference  in  variety.  In  some  cases,  fruit  of  better  quality  is 
secured  in  the  comparatively  cool  and  moist  coastal  belt  of  California  than  in  the 

^  0t  mter*°r  Va],eys’  a^^ough  the  latter  may  encourage  a  higher  sugar  content, 
and  be  better  for  drying.  Fewer  parthenocarpic  fruits  mature  in  regions  of  hot 
climate.  As  the  fruiting  season  is  long,  and  in  India  tends  ,6  las,  throughout  the 

Then  weSh.h  d  T-^  *  to  arran®e  for  a  fair  Pa«  «f  the  crop  to  mature  at  a  time 
hen  weather  conditions  are  favourable. 

The  fig  is  grown  commercially  on  a  wide  variety  of  soils,  and  is  known  ,o  do 
<e  on  heavy  clays,  rich  loams  and  light  sandy  soils  Sandv  cn’l 

ject  to  nematode  infection  which,  in  some  countries,  'is  a  limUing  factor  bm  which 
seems  no,  ave  been  reported  on  figs  i„  India.  Such  soilslso  reguire  mte 

groi,;trCieai  gmayBUnLr;,  in  f:r:° produce 

on  most  soils.  I,  is  frequently  stated  that  a  large  amount  of  lim3'117  T  A 

Propagation  and  Culture 

rapidly,  so^that  it  is  poTsiL' t^hive^ smllTfree  h''1**  T  .VeT,easily  and  Srow 

££  Mr  r:  at  r up  ? - 

Preferred.  It  is  well  to  cut  each  piece  jus, 
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cuttings  8  to  12  inches  in  length  give  good  results.  These  are  ordinarily  planted 
in  the  nursery  in  much  the  same  way  as  those  of  other  plants,  with  from  one  bud  to 
half  the  cutting  exposed.  Condit  (1933,  1947),  however,  states  that  in  California 
the  practice  is  to  tie  bundles  of  the  cuttings  together,  bury  them  upside  down  in 
sandy  soil  in  January  or  February  at  the  time  of  pruning  and  plant  them  upright  in 
furious  about  the  middle  of  March.  They  are  then  ready  for  planting  out  the  next 
winter.  In  Bombay  (Anon.  1929)  cuttings  are  made  at  the  beginning  of  the  rains 
and  planted  out  a  year  or  15  months  later.  Smith  (1940)  states  that  in  Uttar  Pra¬ 
desh  cuttings  made  in  December  are  ready  to  plant  during  the  following  monsoon 
season.  Actually,  under  favourable  conditions,  they  may  be  rather  large  for  trans¬ 
planting  by  that  time.  In  Europe,  according  to  Condit  (1947),  the  practice  of 
planting  cuttings  directly  in  the  ground  where  the  tree  is  desired  is  probably  more 
common  than  that  of  planting  them  in  nurseries. 

Other  methods  of  propagation  are  feasible,  and  Smith  prefers  air-layering. 
He  recommends  the  removal  of  a  ring  of  bark  two  inches  wide  from  the  current 
season’s  growth  in  July  or  August,  with  the  usual  application  of  soil.  Roots  come 
out  quickly  and  the  branch  can  then  be  cut  away  and  planted  in  its  permanent  posi¬ 
tion,  or  may  be  potted  or  planted  in  the  nursery  for  a  few  months.  Top-working,  to 
change  the  variety  of  established  trees,  is  sometimes  practised,  and  may  be  done  by 
means  of  shield  or  patch  budding  or  cleft  or  bark  grafting.  Naik  (1949)  reports 
success  in  the  side-grafting  of  figs  on  Ficus  glomerata  and  F.  hispida.  As  F. 
glomerata  seems  to  be  resistant  to  nematodes,  it  may  be  desirable  to  use  it  as  a  root- 
stock  where  these  pests  are  a  problem.  Seedlings  grow  readily,  but  as  the  type  of  fig 
which  produce  staminate  flowers  is  inedible  or  of  very  poor  quality,  the  percentage 
of  seedlings  of  desirable  character  is  very  small. 

Ficus  palmata  is  also  reported  to  be  resistant  to  nematode  attack.  Dorasami 
(1951)  states  that  Poona  and  other  varieties  were  budded  on  five  plants  tentatively 
identified  as  F.  palmata ,  and  that  all  had  a  greater  girth  and  had  produced  more 

fruit  than  any  of  the  65  varieties  of  fig  received  with  them  from  Bezwada  and 

.  '  > 

grown  as  cuttings.  I 

The  distance  apart  at  which  the  trees  should  be  planted  depends  on  the  size 
of  the  tree,  and  this  in  turn  depends  on  the  variety,  the  soil,  and  especially  on  the 
type  of  pruning  to  be  followed.  Great  extremes  are  found  in  this  matter.  Some 
fig  trees  live  for  a  very  long  time.  Condit  (1941)  refers  to  one  said  to  have  lived 
for  800  years  in  England  before  being  killed  by  lightning.  It  was  apparently  slow 
^rowing,  for  the  circumference  of  the  trunk  was  only  five  feet  at  the  base,  w  n  e 
Condit  mentions  trees  of  the  Mission  variety  in  California  less  than  100  years  o 
with  circumferences,  four  feet  above  the  ground,  of  from  11  to  14  feet.  The  larges 
had  a  spread  of  more  than  60  feet,  but  Condit  (1933)  mentions  another  tree  with 
a  spread  of  310  feet.  Such  size  is  impossible  in  orchards,  for  even  in  California, 
fi"s  are  rarely  planted  as  much  as  40  feet  apart.  -  Whatever  the  distance,  crowding 
X  be  prevented  by  pruning.  One  variety  in  California  does  well  when  planted 
as  close  as  6  by  8  feet  and  pruned  practically  to  the  ground  every  year.  Spactng 
as  great  as  50  feet  is  reported  hy  Cheema  (1926)  in  Turkey. 
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Not  only  the  size,  but  the  natural  shape  of  the  tree  vanes  m  the  different 
varieties,  some  being  spreading  and  others  more  erect.  The  shape  is  ordinarily 
controlled  by  pruning.  Figs  for  drying  are  frequently  allowed  to  drop  from  the 
tree,  in  which  case  the  tree  may  be  allowed  to  grow  tall.  Hand  picking  is  neces¬ 
sary  in  the  case  of  figs  marketed  fresh,  and  this  is  much  more  economical  in  case 
the  trees  are  kept  comparatively  low.  The  type  ot  pruning  thus  depends  on  the 
variety,  the  purpose  for  which  grown,  and  the  ideas  of  the  grower. 

To  produce  a  ‘standard’  tree,  the  young  plant  is  headed  back  a  few  feet  lrom 
the  ground,  as  is  done  with  mogt  fruits,  but  in  some  places  a  ‘bush’  type  is  produced 
by  cutting  the  trunk  off  a  few  inches  from  the  ground  level,  and  selecting  six  or 
seven  main  branches,  some  of  which  arise  below  the  surface.  This  method  is 
particularly  well  adapted  to  regions  where  there  is  danger  of  frost.  In  Mysore, 
according  to  Naik  (1949),  the  figs  are  planted  6  to  9  feet  apart,  and  are  trained  to 
a  bush  form  by  annual  pruning  which  leaves  only  about  two  buds  on  each  shoot  of 
the  previous  season’s  growth.  In  Madras,  although  the  spacing  allowed  is  only 
about  12  feet,  little  or  no  pruning  is  done,  with  disastrous  results.  Smith  (1940) 
recommends  heading  at  a  foot  or  18  inches,  whereas  Gandhi  (1924)  advises  heads 
about  four  feet  from  the  ground.  A  framework  is  then  developed  to  suit  the  type 
of  the  tree  the  grower  wishes. 


The  amount  of  annual  pruning  is  related  to  the  habits  of  growth  and  bearing 
oi  the  variety.  The  figs  are  borne  singly  or  in  pairs  in  the  axils  of  the  leaves. 
They  develop  as  the  branch  elongates,  and  in  some  varieties,  and  especially  in 
regions  with  well-marked  winters,  there  are  two  or  three  distinct  crops.  Some¬ 
times  young  figs  remain  on  the  dormant  trees  and  mature  early  in  the  spring.  This 
first  crop  is  called  the  breba  and  the  second,  the  main  crop.  Petrucci  and  Crane 
(1950)  report  that  in  the  Mission  fig  in  California,  fruit  bud  differentiation  occurs 
in  the  terminal  buds  of  young  shoots  throughout  the  growing  season,  April  1  to 
July  15.  Breba  figs  are  produced  from  buds' which  differentiated  the  previous  year; 
the  second  crop  from  either  the  previous  or  the  current  year.  One  of  the  main 
objects  of  pruning  is  to  produce  plenty  of  shoot  growth  to  bear  a  large  number  of 
fiuits  duiing  the  season.  The  amount  of  pruning  necessary  to  produce  vigorous 
growth,  and  the  amount  which  can  be  done  without  inhibiting  fruitfulness,  vary  with 
the  varieties  and  the  environment.  Ordinarily  rather  heavy  pruning  is  possible. 


I  .°r  cemuries  a  special  type  of  pruning  has  been  common  in  Europe,  in  which 
ie  terminal  bud  oi  each  shoot  is  removed  just  before  growth  starts  in  the  spring. 

vieid1ro‘^>t0norfiear1,er  development  a,,d  maturity  of  the  fruit,  and  a  larger 

fomia  d  n  T  S  t0  experiments  with  such  disbudding  in  southern  CaH- 
ta,  with  good  results  m  one  variety,  hut  negative  results  with  24  other  varieties'.' 

momhs’andThe?  ,he  mai"  Cr°P  °f  f’gS  "1>enS  durinS  the  dr>'  sp""S  a"d  summer 
ths,  and  the  trees  are  more  or  less  dprmant  and  lose  most  of  their  leaves  in 

in  Jut  and,Septem  ,er-  U,lder  ",ese  conditions,  Gandhi  recommends  pruning  earlv 
40  J  b0nie  the  Cr°15  18  Slve"-  Several  new  shoots  come  out  near 
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the  ends  of  the  pruned  branches,  at  the  end  of  October.  Fruits  whjch  form  on  this 
new  growth  by  November  or  December  have  time  to  mature  before  the  next  rainy 
season.  In  northern  India,  on  the  other  hand?  the  trees  are  more  or  less  dormant 
in  the  winter,  and  Smith  reports  satisfactory  fruit  only  from  April  through  June, 
He  lays  great  emphasis  on  pruning,  saying  that  without  it  no  edible  fruit  will  be 
formed.  He  recommends  rather  severe  annual  purning  in  December,  leaving  only 
three  or  four  buds  of  the  previous  year’s  growth.  He  deals  with  only  one  variety, 
however,  and  it  is  possible  that  other  varieties  may  be  found  which  will  respond  to 
somewhat  different  treatment,  and  perhaps  produce  crops  at  other  seasons.  It  may 
prove  practicable  to  produce  figs  during  the  rainy  season,  as  is  done  in  some  parts 
of  the  United  States,  and  if  this  is  done,  the  season  may  well  be  extended  well  into 
the  winter.  » 


The  method  of  pruning  used  in  Bombay  is  likely  to  result  in  rather  long 
stems  with  a  cluster  of  branches  near  the  end.  In  a  short  time  the  trees  become 
straggly,  and  much  of  the  fruit  is  borne  far  from  the  trunk.  To  reduce  this  ten¬ 
dency,  notching  has  proved  effective,  and  is  best  done  in  July.  Notches  are  made 
within  a  quarter  of  an  inch  above  the  bud,  sloping  slightly  so  that  the  latex  which 
comes  out  may  not  cover  the  bud.  Just  enough  bark  is  removed  to  delay  healing  until 
after  the  bud  has  started  growth,  which  occurs  in  about  eight  days.  Plump  buds 
in  the  middle  portion  of  the  branch  are  most  suitable,  and  not  more  than  two 
should  be  notched  on  one  branch.  The  number  of  notches  on  one  tree  should 
depend  on  the  state  of  the  tree,  straggly  trees  requiring  more  than  those  which  natur¬ 
ally  produce  many  branches.  Gandhi  reports  that  in  one  experiment  82  shoots 
from  notched  buds  on  11  trees  produced  a  total  of  588  fruits.  This  amounts  to 
about  five  pounds  per  tree.  It  is  assumed  that  the  notching  had  no  adverse  effec 

on  the  other  branches  and  that  this  is  a  net  gain. 

With  the  types  of  figs  grown,  and  the  methods  of  pruning  advocated  in  this 
'country,  rather  close  planting  is  the  rule.  In  Bombay  (Anon.,  1929)  a  d, stance  of 
15  feet  is  recommended  and  Smith  advocates  the  same  d.stance  or  as  much  as 
feet  where  the  trees  grow  vigorously. 

Comparatively  little  has  been  written  regarding  the  cultivation  manuring, 
and  irrigation  of  fig  trees  in  this  country.  Where  figs  are  grown,  for  drying  an 
are  allowed  to  fall  From  the  tree,  it  is  desirable  that  the  soil  be  clean  of  weeds  an 
smooth.  This  requires  careful  cultivation.  Otherwise  similar  c« ‘‘V‘ ^ 

«:sen  other  fruits  is  sufficient.  Naik  (1949)  states  that  in  South  India  hea  y 
inuring  fluent  irrigation,  and  weeding  a,  leas,  twice  a  year  are  necessary  for 

the  production  of  good  crops. 

The  fig  is  fairly  drouth-resistant,  and  in  Europe  and  Turkey  *s 
irrigated  after  the  trees  are  established  I’ll,  in  many  o» 

from  a  deficiency  of  ^"^.  ^“  eclnomic  crops.  In  India,  also,  irrig. 
trees  grow  very  slowly P  dry  season  when  the  fruits  are  growing  and 

dfLfvy  irrigations  twice  a  month  from  the  time  the 
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figs  are  the  size  of  a  marble  until  harvesting  is  finished.  Excessive  irrigation  while 
the  fruits  are  ripening  may  increase  the  amount  of  cracking  and  souring. 

As  the  tree  is  deep-rooted,  the  effect  of  applying  manure  to  the  surface  is  not 
as  evident  as  with  some  fruits.  Comparatively  little  is  known  about  the  mainten¬ 
ance  of  fertility  in  fig  orchards.  Farmyard  manure  is  sometimes  used  in  Turkey 
and  other  countries,  and  Smith  recommends  this  or  other  organic  manure  for  sandy 
soil  in  northern  India.  In  Bombay  it  is  recommended  that  80  to  100  pounds  of 
farmyard  manure  be  applied  in  September  after  mild  root  pi  lining. 

In  India  the  fig  seems  remarkably  free  from  serious  insect  pests  and  diseases. 
The  stem  borer,  Batocera  rufomaculata,  is  widely  distributed,  and  in  some  localities 
makes  fig  growing  impossible,  according  to  Husain  and  Khan  (1940)  who  report 
that  of  53  trees  planted  at  Lyallpur  in  1925,  only  3  survived  until  1932.  It  has 
been  mentioned  as  a  pest  of  the  mango,  and  occurs  on  trees  of  11  families,  includ¬ 
ing  the  various  species  of  Ficus.  The  adult  beetle  feeds  on  the  bark,  leaves  and 
fruits,  but  is  not  serious.  Little  harm  is  done  by  the  grub  when  it  bores  in  tlfe 
wood,  but  by  eating  the  inner  bark  and  xylem  tissue  it  may  girdle  and  kill  limbs  or 
the  entire  tree.  Where  there  is  much  danger  of  attack,  it  is  recommended  that  the 
trunk  of  the  tree  be  protected  with  paper  painted  with  coal  tar,  or  with  1|16  inch 
mesh  wire  gauze.  The  grubs  may  be  killed  with  a  knife,  or  by  injecting  kerosene 
of  a  chloroform-creosote  mixture  into  the  hole.  It  has  also  been  reported  causing 
some  loss  in  Bombay,  where  it  is  said  commonly  to  attack  the  stems  close  to  the 
ground,  thus  escaping  attention  for  some  time.  Its  presence  is  indicated  by  debris 
collected  below  the  entrance  hole.  It  causes  serious  damage  in  Uttar  Pradesh, 
according  to  Lai  (1950),  who  also  reports  severe  webbing  of  the  leaves  by  the  cater¬ 
pillar  of  a  moth,  Pliycodcs  minor. 


The  Oriental  yellow  scale,  Apnidiella  orientalis,  has  been  reported  on  the  fig 
by  Rahman  and  Ansari  (1941). 

The  only  common  disease  is  the  fig  rust  caused  by  the  fungus,  Ccrotclium 
(Physopclla,  Urcdo)  fici.  This  is  very  common,  but  ordinarily  the  damage  is  not 
great.  It  is  characterized  by  small,  rusty,  raised  spots  on  the  under  side  of  the 
leaf.  It  causes  the  premature  fall  of  the  leaf,  but  ordinarily  this  does  not  occur 
until  late  in  the  season,  after  the  figs  are  mature.  The  last  part  of  the  crop  may  be 
somewhat  affected  and  in  cool  wet  winters  in  Bombay  the  damage  may  be  appre¬ 
ciable.  Spraying  with  Bordeaux  mixture  is  advocated  in  other  countries,  but  has 

not  proved  very  effective  in  India.  Naik  (1949)  states  that  in  South  India  dusting 
with  sulphur  has  been  recommended. 


Pn-  noSf  h°Tle  disease  °!  ,the  fighas  been  reP°rted  from  Kanpur  by  Mehta  and 
66  '  1  1S  cause(*  by  Cylindrocladium  scoparium,  and  may  involve  the 

greater  part  o  the  leaf.  Mfehta  (1951)  also  refers  to  a  zonate  spot  of  the  fii 
caused  by  Cephalosporium  fici. 

Numerous  other  pests  and  diseases  are  found  in  other  countries,  including 

black 'mould  ^spereUl^  fruit  to  ferment>  and  the  ordinary 

mould,  Asperpllus  mger,  which  makes  the  fruit  repulsive  and  worthless. 
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•  Birds  are  attracted  to  the  ripening  fruits,  and  are  likely  to  cause  considerable 
damage. 

Types  of  Figs 

The  fruit  of  the  fig  is  called  a  syconium,  a  hollow  receptacle  on  the  inner  sur¬ 
face  of  which  the  flowers  are  borne.  At  the  apex  there  is  a  small  opening  which 
has  been  called  the  eye,  ostiole,  or  mouth.  Condit  (1941,  1947)  distinguishes 
between  the  eye,  the  external  opening  and  the  ostiole,  the  complete  pas¬ 
sage  to  the  interior  of  the  syconium.  The  eye  is  more  or  less  closed  by  a  ring  of 
bracts,  more  so  in  the  earlier  stages  than  later,  and  more  in  some  varieties  than  in 
others.  Many  of  the  best  varieties  of  figs  without  pollination  develop  fruits  with 
empty  seed  coats,  and  this  type  is  known  as  the  common  fig.  Some  varieties,  on 
the  other  hand,  fail  to  set  fruit  unless  they  are  pollinated,  and  the  syconia  soon  fall 
from  the  tree.  As  the  principal  varieties  grown  for  drying  in  Turkey  are  of  this 
sort,  it  is  called  the  Smyrna  type.  A  third  type,  known  as  the  White  San  Pedro 
type,  is  of  much  less  importance.  In  it  the  breba  crop  develops  without  pollination, 
whereas  the  second  crop  resembles  the  Smyrna  in  requiring  it.  In  all  of  these 
types,  if  the  ovaries  are  fertilized  they  develop  into  viable  seed.  The  size,  shape, 
colour,  and  flavour  of  the  fruit  which  develops  after  pollination  in  the  common  fig 
are  different  from  those  in  that  which  develops  without  pollination.  On  the  whole, 
the  unpollinated  fruit  is  likely  to  be  better. 

Pollen  is  produced  in  Europe  and  America  only  by  a  more  primitive  type  of 
fig,  known  as  the  caprifig,  ‘goat  fig’.  In  it  there  are  staminate  flowers  borne  near 
the  ostiole.  Pollination  is  accomplished  solely  by  means  of  a  very  small  wasp, 
Blastophaga  psenes  (grossorum) .  The  wasp  lays  its  eggs  in  the  short-styled 
flowers  of  the  caprifig,  and  most  of  the  life  history  is  passed  within  the  ovary. 
After  impregnation,  the  adult  female  emerges  from  the  flower  and  finds  her  way 
out  by  the  eye.  She  then  looks  for  other  flowers  in  which  to  lay  her  eggs.  If  she 
enters  another  caprifig,  she  lays  her  eggs  and  the  species  is  carried  on.  If  she 
enters  a  fig  of  the  other  type,  however,  she  is  prevented  from  ovapositing  by  the 
long  style  which  characterizes  this  type  of  flower.  She  may  leave  the  syconium,  or 
she  may  die  in  it.  In  leaving  the  caprifig, she  collects  pollen  which  she  automatic¬ 
ally  distributes  in  the  syconium  she  enters.  She  thus  performs  an  essential  function 
in  the  Smyrna  type  of  fig.  This  is  known  as  caprification. 

If  figs  of  the  Smyrna  type  are  to  be  grown,  it  is  therefore  necessary  to  have 
some  trees  of  the  caprifig,  both  to  supply  pollen  and  to  maintain  the  supply  of 
blastophagas.  The  caprifig  also  produces  three  or  more  crops,  the  spring  crop, 
corresponding  to  the  brebas  being  known  as  the  profiche,  the  summer  crop  as 
mammoni,  and  the  winter  crop,  in  which  the  wasps  are  carried  over  from  one  year 
to  another,  as  the  mamme.  The  fruits  of  the  profiche  are  gathered  just  before  the 
blastophagas  emerge,  and  are  distributed  in  the  trees  to  be  pollinated,  preferably  nr 
wire  baskets.  From  about  36  to  100  fruits  are  necessary  for  each  tree,  and  these 
may  be  produced  on  from  three  to  five  caprifig  trees  per  hundred  trees  to  e 

pollinated. 
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Most  of  the  caprifigs  are  of  the  species  F .  carica,  but  F.  pscudocarica  and 
F.  palmata  are  sometimes  used  for  the  purpose.  Even  when  caprifigs  are  not 
infested  with  blastophagas,  they  are  ordinarily  useless,  though  edible  varieties  are 

known. 

The  situation  regarding  the  varieties  .of  fig  commonly  grown  in  India  is 
still  rather  obscure.  Many  of  them  frequently  produce  a  large  number  of  syconia, 
all  or  most  of  which  fall  from  the  tree  without  maturing.  Rao  (1944)  reported 
that  of  10  varieties  being  grown  at  Kodur,  only  three  produced  mature  fruits 
normally,  but  that  a  crop  could  be  secured  from  the  others  by  artificial  pollination. 
This  was  accomplished  by  inserting  a  bamboo  needle  into  an  immature  syconium  of 
the  wild  fig,  Ficus  glomerata  and  then  into  an  immature  syconium  of 
the  variety  to  be  pollinated,  and  revolving  the  needle.  A  little  later,  work  at 
Allahabad  indicated  that  in  some  years,  at  least,  mature  figs  could  be  secured  by 
bringing  in  and  scattering  among  the  trees,  immature  syconia  of  this  wild  fig.  The 
wild  figs  are  frequently  inhabited  by  insects  which  probably  carry  their  pollen  to 
the  cultivated  figs.  The  cultivated  figs  may  be  infested  with  the  same  insect,  and 
in  1950  a  considerable  number  of  figs  matured  on  trees  where  these  insects  were 
found,  without  bringing  in  any  wild  fig  syconia.  There  was  no  wild  fig  tree  within 
several  hundred  yards  of  these  trees.  Naik  (1949)  reports  that  at  Kodur  the 
Poona,  Black  Ischia,  and  Brown  Turkey  were  parthenocarpic,  whereas  in  Allahabad 
trees  of  the  Poona  variety,  and  one  secured  under  the  name  of  Black  Ischia  failed 
to  set  fruit.  The  Black  Ischia  tree  was  received  from  Lucknow,  where  this  variety 
is  said  to  set  fruit  without  known  pollination.  If  pollination  were  brought  about 
naturally  by  insects,  it  is  q’uite  possible  that  the  growers  would  be  unaware  of  this. 
If  any  of  the  varieties  grown  at  Allahabad  produces  some  pollen  (the  cultivated 
varieties  of  Europe  and  America  do  not),  and  insects  are  present,  the  production  of 
seedy  fruit,  as  at  Allahabad,  would  be  easily  explained.  The  insect  inhabiting  the 
wild  fig  has  now  been  identified  as  Blastophaga  psencs. 


CaPnficatlon  m  California  is  an  expensive  process,  and  encourages  the 
spread  of  disease,  so  a  method  of  securing  good  crops  of  the  Smyrna  type  fig  would 
be  valuable.  Work  in  recent  years  indicates  that  this  is  possible  by  the  use  of  plant 
hormones.  Crane  and  Blondeau  (1949  A)  experimented  with  a  number  of  hor- 
mones,  and  secured  good  results  with  indolebutyric  acid,  but  at  a  cost  which  pre¬ 
vented  „s  commercial  use.  Cater  Crane  found  it  possible  to  secure  a  satisfactory 
rop  with  60  ppm  of  para-chlorophenoxyacetic  acid  at  the  rate  of  5  gallons  a  tree 

folh  °  °!  eS-!  "if  3  n'pee  a"  acrc  f°r  material.  No  damage  was  done  to  the 
loliage.  The  fruits  produced  by  hormones  very  closely  resemble  ib,.  if  j 
fruit  except  that  they  do  no.  contain  even  the  seed  o^  Th  P"”>na.ed 

secured  astounding  results  with  2,  4,  S-trichlorophenoxya'ceticTdd01  which  T  ^ 
induced  parthcnocarpy,  hut  caused  the  fruit  to  ripen  L  fin  d  '■  °"'y 

bather  .severe  damage  was  caused  „h„  „  •  P  f’°  days  ,nslea<1  of  120. 

butyric  acid,  or  certain  other  hormones';  hT «he  '^Tand  Cent 
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(1949)  failed  to  induce  parthenocarpy  with  a  number  of  hormones  at  50  ppm,  but 
succeeded  with  the  salts  and  esters  of  2,  4-D  and  2,  4,  5-T  at  250  ppm.  Preliminary 
experiments  with  para-chlorophenoxyacetic  acid  at  Allahabad  failed  to  induce 
parthenocarpy,  but  the  method  deserves  further  trial.  Harris  (1950)  in  Australia, 
induced  rapid  growth  with  the  same  hormones  used  in  California,  but  the  quality 
of  the  fruits  was  unsatisfactory. 

Another  method  of  hastening  the  maturity  of  figs  has  been  practised 
at  least  since  the  third  century,  B.C.  and  Condit  (1947)  refers  to  its  use 
in  different  places  from  that  time  down  to  the  present.  This  method  is  the 
anointing  of  the  eye  of  the  immature  fruit  with  olive  oil,  or  occasionally  with  other 
oils  or  acids,  and  is  known  as  oleification.  The  practice  has  been  opposed  by  some 
as  reducing  the  quality  of  the  fruit.  Clements  and  Pentzer  (1950)  in  California 
found  that  the  application  of  olive  oil  to  the  eye  hastened  maturity  and  colour  and 
increased  the  size  of  the  Mission  fig  considerably  when  applied  within  a  narrow 
range  of  dates,  and  of  the  Lob  markedly  over  a  wide  range  of  dates  starting  as 
much  as  three  weeks  before  harvest.  The  flavour  and  appearance  were  normal, 
and  the  treated  fruits  were  equal  to  or  better  than  the  controls  in  sugar  content.  A 
saturated  solution  of  tartaric  acid  also  caused  rapid  growth  and  ripening. 

As  is  to  be  expected  in  a  fruit  which  has  been  cultivated  for  thousands  of  years, 
there  are  many  named  varieties.  Condit  (1941)  has  dealt  exhaustively  with  the 
characteristics  on  which  the  varieties  may  be  classified,  including  the  colour,  which 
varies  from  green  or  pale  yellow  to  very  dark  purple,  and  the  form  of  the  fruit; 
its  neck,  stalk,  ostiole  and  eye,  eye  scales,  and  skin;  the  pulp  which  is  the  developed 
floral  parts;  the  meat,  which  is  the  wall  of  the  syconium,  between  the  skin  and  the 
pulp;  the  seeds;  the  flavour;  the  form,  size,  and  texture  of  the  leaf;  and  the  size, 
habit  of  growth,  and  fruitfulness  of  the  tree. 

The  leaf  of  the  fig  is  typically  lobed,  but  much  variation  occurs.  There  are 
commonly  three,  five,  or  even  seven  lobes,  and  these  are  often  separated  by  deep 
sinuses.  Several  types  of  leaf  may  be  found  on  the  same  tree.  Indian  varieties 
are  characterized  by  leaves  only  slightly  lobed  or  entire.  F .  palmata ,  F.  glomerata, 
and  some  of  the  other  species  have  entire  leaves,  and  it  is  possible  that  the  Indian 
figs  represent  hybrids  with  some  other  species  and  F.  carica. 

Only  one  variety  of  figs  seems  to  be  grown  in  Bombay,  and  these  are  referred 
to  by  Gandhi  simply  as  Poona  figs  and  are  described  as  bell-shaped,  light  purple, 
with  rosy  flesh,  and  weighing  1*  ounces  on  the  average.  Smith  lists  the  following 
varieties  as  growing  successfully  at  Saharanpur:  Black  Ischia,  Cabul,  Bangalore, 
Lucknow,  and  Brown  Turkey.  Of  these  only  the  first  is  recommended  as  doing 
very  well  in  Lucknow.  The  Brown  Turkey  for  which  Condit  (1947 ) '  P'efers fthe 
name  San  Piero,  is  fairly  ertensively  grown  in  other  countries.  Naik  (  )sae 
that  in  Madras  varieties  are  not  standardized,  but  that  the  Poona  is  the  most  pro¬ 
lific  on  the  plains  while  the  Marseilles  crops  well  at  elevations  above  5,000  feet  It 
will  be  noticed  that  a  number  of  names  of  varieties  grown  in  India  are  taken  from 
the  names  of  the  places  where  they  have  been  grown,  and  where  they  may  ave  ong- 
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inated  as  seedlings.  Even  in  the  case  of  those  having  the  names  of  European  varie¬ 
ties,  there  may  be  question  as  to  identification.  The  leaf  of  the  Black  Ischia  grown 
in  Lucknow  is  very  different  from  that  of  that  variety  at  Riverside,  California. 
Western  varieties  introduced  into  India  have  generally  not  grown  very  well,  whereas 
the  Indian  varieties  flourish.  One  possible  explanation  would  be  that  the  nema¬ 
todes  injure  the  western  varieties,  whereas  the  Indian  types  have  inherited  resistance 
from  F.  glomerata  or  some  other  resistant  species.  One  of  the  most  famous  western 
varieties  is  the  Lob,  which  is  the  most  important  of  the  figs  grown  near  Smyrna.  It 
i9  also  called  the  Smyrna  fig  and  in  California,  the  Calimyrna. 


Very  little  information  is  available  on  the  yield  of  figs  in  this  country.  One 
reason  for  practising  notching  in  Bombay  is  said  to  be  the  unsatisfactory  yield 
without  it.  In  South  India  the  heavier,  more  valuable  crop  is  borne  in  the  spring, 
from  February  to  May,  and  a  second  crop  is  ripe  from  July  to  October.  In  Mysore, 
where  the  trees  are  planted  closely  and  heavily  pruned,,  the  yield,  according  to  Naik 
(1949)  is  about  180  fruits  per  tree.  In  other  places,  it  may  be  about  300  fruits  on 
unpruned  trees,  giving  about  the  same  yield  per  acre,  but  the  unpruned  trees  decline 
in  yield  after  about  10  years.  Smith  says  that  the  fruit  of  one  tree  in  Lucknpw 
may  sell  for  Rs.  5,  but  any  large  extension  of  the  industry  would  certainly  reduce 
the  price  of  the  fruit,  which  is  now  relatively  scarce.  In  California  yields  of  dried 
fruit  vary  from  1J  to  tons  per  acre. 

The  fig  is  a  very  wholesome  and  nutritious  food,  with  an  especially  high  sugar 
content.  Gandhi  reports  the  total  sugar  content  of  one  lot  of  Poona  figs  as  17  2% 

o,lr coun,ries  run  as  i,igh  as  2s%>  b 

.  ,  ,  '  e  ac‘‘l  contenl  ls  unusually  low.  Miller  and  Bazore  (1945), 

been  tnorfedatr„e4  g0°,d  ,S°UrCe  °f  f'cium  aad  »'*'  ^sh  figs  in  California  have 
n  reported  to  be  a  fa.r  source  of  vitamin  A.  But  they  found  the  Brown  Turkey 

.  .  f"  \P°°j  T'rCe  °f  VUamin  A’  ,hiamine-  and  ascorbic  acid.  Figs  are  also 

In  he  dr"d  suL  d,e"!r  ,nd  beCauSe  °f  the  of  their  ash. 

dned  state  the  sugar  content  varies  from  about  45%  to  65%. 

While  the  fresh  ripe  fig  is  a  very  delicious  fruit,  it  is  highly  perishable  and  ,k. 
great  bulk  of  the  world  production  is  dried.  The  common  practice  in  most  countries 

I  1  r  hfe  fign  t0.Stay  0n  ,he  lree  un,il  lhe>'  dr°P.  at  which  time  they  are  already 
three-fourths  dry.  They  may  he  allowed  to  lie  on  the  ground  until  drying 
IS  completed,  or  they  may  be  gathered  and  placed  on  travs  -  ..  *  S 

subjected  to  sulphur  fumes  in  order  to  bleach  them  ,o  avoM  f  S°"le.Vanet,es  are 
facilitate  drying.  Too  much  sulphuring  is  likelvl  da  ,1  n'  a”d  *° 

Candhi  gives  directions  for  drying  figs  in  Bombay  l  °f  "‘e  fruit‘ 

to  be  secured  by  sulphuring  the  f,,~  l.i"  .  ,  ,  .  5’  ele  le  iesl  results  are  said 

on  bamboo  matting  supported  three  or'four  fcef  abtve^'l'  dryinS 'd6"1  l"  SUn 
turned  da.ly  for  five  seven  days.  I„  Europe  some  figs  are  XpTn  before  dVn" 

siderahle  extent  in  some  places,  especially  ^Lre^LTV  T"  “  PraC'iSed  ,0  «  con' 

with  drying.  Fig  preserves,  in  a  rich  syrup  are  tne  all  °J  "T  interferinS 

>  P,  are  fcenerally  considered  the  choicest 
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product,  but  the  market  is  limited.  As  they  are  very  sweet,  not  much  is  consumed 
at  a  time,  and  they  are  comparatively  expensive.  Larger  amounts  are  canned.  In 
either  case  they  must  be  allowed  to  ripen  on  the  tree  and  be  very  carefully  handled, 
with  very  little  delay  between  harvesting  and  processing.  The  outer  waxy  part  of 
the  skin  is  removed  by  blanching  or  by  dipping  in  a  boiling  2%  lye  solution.  Fig 
jam  is  easily  made,  and  is  highly  regarded  by  some,  but  has  never  become  commer¬ 
cially  important.  Some  varieties  are  much  better  for  canning  or  preserving  than 
others. 

Chapter  xxii 


THE  CUSTARD  APPLES 


The  term  ‘custard  apple’  is  ordinarily  applied  in  Intha  to  the  sharifa  or  sita- 
phal,  Annona  squamosa.  In  other  parts  of  the  world,  this  term  is  applied  to  at 
least  three  other  species,  including  the  pond  apple,  A.  glabra  (palustris) ,  which  is 
scarcely  edible,  though  the  smooth,  glossy,  yellow  fruit  is  decorative.  The  best 
usage  is,  perhaps,  to  make  it  cover  the  entire  genus,  or  at  least  the  edible  members  ot 
it.  Other  names  for  A.  squamosa  are  sugar  apple  and  sweetsop,  both  names  some¬ 
times  being  hyphenated. 

Fortunately,  there  is  very-  little  confusion  in  botanical  nomenclature, 
although  the  family,  Annonaceae  and  the  genus  Annona  are  sometimes  spelled  Anon- 
aceae  and  Anona.  The  family  contains  more  than  forty  genera,  of  which  two  be¬ 
sides  Annona  produce  edible  fruits.  The  biriba,  Rollinia  deliciosa,  is  highly  re¬ 
garded  in  northern  Brazil,  and  may  be  of  value  in  sections  of  India  which  are  free 
from  frost.  The  ffapaw  or  pawpaw,  Asimina  triloba,  is  a  wild  fruit  of  temperate 

United  States  with  some  possibilities  of  development. 


The  genus  Annona  contains  more  than  fifty  species,  of  which  about  five  pro¬ 
duce  edible  fruits  of  some  importance.  A  number  of  others  may  be  of  value  in 
breeding  or  as  rootstocks.  Most  of  the  members  of  the  genus,  including  all  the 
major  fruits,  are  indigenous  to  America.  A  few  species  are  believed  to  be t  native t  o 
Africa-  probably  none  of  Asia.  Several  species  were  commonly  grown  in  America 
before  the  discovery  of  the  continent  by  Europeans,  and  terra  cotta  vases  were  ma  ,  e 
in  the  shape  of  the  cherimoya  in  prehistoric  Peru.  It  was  formerly  thought  d  at  th 
custard  apple,  at  least,  was  indigenous  to  India  and  there  is  considerable  evidence 
in  favour  of  such  a  theory.  The  existence  of  Sanskrit  names,  and  paint, ngs  an 
carvings  which  seem  to  represept  the  fruit  at  Ajanta  and  elsewhere  strengthened 
the  supposition  based  on  the  fact  that  the  tree  grows  wild  m  many  parts  of 
country.  DeCandolle  studied  the  question,  however,  and  came  to  the  conclu 
that  the  fruit  was  of  American  origin,  and  other  scholars  have  agreed  with  In  . 
Watt  (1889)  quotes  one  General  Cunningham  who  did  not  dispute  the  e°iy 
the  Portuguese  brought  the  custard  apple  into  India,  but  thought  that  it  '*as  aheady 
"S  alsof He  wrote,  ‘My  identification  of  this  fruit  amongst  the  Ma  u 

culptures  ha/been  contested  on  the  ground  that  the  tree  was  .ntro  uc  old 
by  the  Portuguese. . .  .1  can  now  appeal  to  one  of  the  Bharhut  sculptures  J 
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exact  representation  of  the  fruit  and  leaves  of  the  custard  apple.’  To  this,  Watt 
replies  The  representation  referred  to  by  General  Cunningham  might  be  associated 
with  a  large  number  of  plants;  they  may  prove  to  be  conventional  representations  of 
the  jack-fruit  tree  or  some  other  allied  plant:  they  are  not  unlike  the  flower-heads 
of  the  sacred  kadamba  or  Anthocephalus.’  He  also  says  that  there  is  not  the 
slightest  indication  of  either  A.  squamosa  or  A.  reticulata  being  indigenous  in  any 
Indian  forest,  and  concludes  that  there  seem9  to  be  hardly  any  doubt  as  to  A.  squa¬ 
mosa  being  an  introduced  plant,  although  the  date  of  the  introduction  was  very 
obscure.  However,  there  is  increasing  evidence  that  plants  were  taken  across  the 
South  Pacific  in  one  or  both  directions  hundreds  of  years  before  the  time  of  Colum¬ 
bus,  and  it  is  possible  that  the  custard  apple  has  been  in  India  for  thousands  of 
years.  Because  of  the  presence  of  many  close  relatives,  it  still  seems  probable  that 
the  genus  originated  in  tropical  America. 


There  can  be  no  doubt  that  the  custard  apple  has  been  growing  in  this ‘coun¬ 
try  for  several  centuries.  It  must  have  spread  very  rapidly  after  the  discovery  of 
America,  for  it  is  mentioned  in  the  Ain-i-Akbari,  written  about  one  hundred  years 
later.  Within  about  another  century  it  had  travelled  on  through  Arabia  to  Egypt. 
It  is  now  very  widely  distributed  throughout  the  tropics  and  warmer  subtropics, 
although  it  has  not  succeeded  in  most  Mediterranean  countries  or  in  California, 
where  the  winters  seem  to  be  too  cool  for  it.  Oppenheimer  (1947),  however,  states 
that  it  is  of  commercial  importance  in  Egypt  and  central  Africa,  as  well  as  southern 
Asia,  and  that  it  is  very  successfully  grown  in  Palestine. 


Aside  from  the  question  of  frost,  or  too  much  cool  weather,  the  custard  apple 
is  not  particular  as  to  climate,  and  Oppenheimer  states  that  it  is  only  slightly 
damaged  by  temperatures  several  degrees  below  freezing.  It  is  said  to  prefer  a  dry 
climate,  at  least  during  the  dowering  season,  and  is  not  damaged  by  the  hot,  dry 
‘khamsin’  winds  in  Palestine.  On  the  other  hand  it  ordinarily  sets  no  fruits  in 
northern  India  until  the  beginning  of  the  rainy  season,  although  flowers  are  pro¬ 
duced  during  the  hot,  dry  weather;  and  low  humidity  apparently  interferes  with 
pollination  in  parts  of  Egypt.  Oppenheimer  also  notes  that  almost  no  fruits  are 
set  during  the  first  weeks  of  the  flowering  season,  and  thinks  that  this  is  probably 
because  of  the  lack  of  humidity.  Possibly  the  ideal  conditions  during  the  flowerin" 
season  would  be  high  humidity  but  freedom  from  rain.  In  any  case,  i,  is  known 

WsTstateTfhV'T  7  COnd,Ui0nS’  and  Withstand  drouSh‘  ™>I.  Parsons 

,  7  Stat<*  tha  ln  T*10"  “  lhriv«  in  both  the  wet  and  the  dry  zones  from  sea 

level  to  an  elevation  of  3,000  feet. 

As  regards  soil  conditions  also  the  custard  apple  is  very  tolerant  Th„  f  , 

Xr1  coZer"  ^“Ate/ntet  M™™?  r '/  "  a"da;:’ 

1- is  * 

tree  requires  such  stony  ground  for  its  best’grmvth  "T  p'obal  i,h°l'Sht’  ,hat  lhe 
sandy  soil,  and  Parsons  (1932)  states  tha,  i,  grows  well  in  qTite  he'aly' tu  afweM  “ 
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in  almost  pure  sand.  Oppenheimer  thinks  light  soils  best,  but  that  hea,  b  ^ 
with  good  drainage  are  also  suitable.  He  says  that  the  custard  apple  wit, 
as  much  as  50%  lime  in  the  soil,  and  that  irrigation  water  containing  about  300  ppm 
of  chlorine  has  caused  no  harm.  The  tree  is  rather  shallow-rooted,  so  does  not  re¬ 
quire  a  deep  soil,  but  drainage  must  be  good,  as  it  suffers  from  water-logging. 

Although  the  custard  apple  occurs  widely  in  different  parts  of  India,  and  wild 
trees  bearing  satisfactory  fruit  are  abundant  in  Hyderabad  and  other  areas,  its  com¬ 
mercial  cultivation  is  limited.  Chand  (1943)  reports  only  312'  acres  in  Uttar 
Pradesh.  Naik  (1949)  says  that  while  it  is  not  commercially  cultivated  on  a  large 
scale  in  Madias,  it  is  prpduced  in  such  enormous  quantities  in  the  forests  as  to  vie 
with  most  cultivated  fruits  except  the  mango,  banana,  and  citrus  fruits,  in  annual 
production. 


In  India  custard  apples  are  almost  entirely  grown  from  seed,  and  fairly  good 
results  are  secured  in  this  way.  Budding  and  inarching  have  been  practised  on  a 
small  scale  at  the  Government  gardens  in  Agra  and  elsewhere.  Unpublished  re¬ 
sults  in  Hyderabad  show  50.83%  with  layering,  44.17%  with  air-layering,  and  33.3% 
with  grafting.  Naik  (1949)  says  that  it  is  easily  inarched  on  the  bullock’s  heart, 
and  that  such  trees  begin  fruiting  within  20  months  after  grafting,  whereas  seedlings 
begin  bearing  when  three  or  four  years  old.  Seedlings  are  apparently  most  com¬ 
mon  in  other  countries  also,  but  vegetative  propagation  is  recommended.  Grant 
and  Williams  (1936)  say  that  air-layering  can  be  used,  but  in  other  countries  the 
method  seems  to  be  budding  or  grafting.  In  Java  the  modified  Forkert  method 
of  budding  is  preferred,  while  in  the  United  States  and  Ceylon  shield  budding  is 
used.  Bud-wood  about  a  year  old,  from  which  the  leaves  have  dropped,  and 
which  has  turned  gray,  is  said  to  give  the  best  results.  Ordinarily  seedlings  of 
the  same  species  are  used  as  rootstock  but  other  species  may  prove  superior  under 
certain  conditions.  The  soursop  has  been  used  successfully  in  Ceylon,  but  failed  in 
Java,  where  the  bullock’s  heart  proved  better,  but  still  not  as  good  as  the  custard 
apple  itself. 

In  growing  seedlings  for  rootstock  or  as  trees,  it  is  recommended  that  fresh 
seed  be  used,  although  Ahmed  (1936  B)  says  that  the  seed  remains  good  for  three 
or  four  years,  and  that  germination  is  better  after  exposure  for  a  week  than  when 
absolutely  fresh.  The  seed  has  a  hard  coat,  and  may  take  a  month  or  more  to 
germinate,  but  this  time  can  be  reduced  by  scarification  or  soaking  for  three  days  in 
water.  In  Hyderabad,  however,  it  is  said  that  planting  the  seed  without  soaking 
gives  a  higher  percentage  of  germination,  and  planting  the  seeds  in  fiat  beds  in  the 
rainy  season  is  recommended.  The  seedlings  should  be  ready  to  bud  or  graft  in 
about  a  year.  Ahmed  reports  the  best  results  from  budding  at  the  end  of  the  dor¬ 
mant  period,  but  experimentation  is  required  in  India  as  to  the  best  time  and 

method  of  budding. 

The  value  of  vegetative  propagation  is  recognized  by  most  authors,  as  there 
is  great  variation  among  seedling  trees.  Some  trees  produce  much  more  fruit  than 
others,  and  the  fruits  vary  in  size,  seediness,  and  quality.  Ahmed  (1936  A)  ho  s 
that  the  differences  are  due  to  environment  rather  than  inheritance  and  that  therefore 
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selection  is  of  no  value.  While  the  conditions  under  which  the  fruit  is  grown  un¬ 
doubtedly  have  a  great  influence  on  it,  it  seems  unwise  to  consider  the  custard  apple 
an  exception  to  the  general  rule  that  seedlings  vary  genetically.  While  no  named 
varieties  have  gained  prominence,  certain  strains  are  claimed  to  be  superior.  There 
is  certainly  room  for  improvement.  The  quantity  of  fruit  produced  per  tree  is 
ordinarily  unsatisfactory.  Even  if  the  dream  of  an  entirely  seedless  fruit  proves 
unattainable,  a  great  improvement  might  be  made  in  the  reduction  of  the  number 
of  seeds.  It  is  stated  that  in  fruits  with  a  fairly  low  seed  content,  the  ratio  of  seed 
to  pulp  may  be  about  1:  27. 

Culture 


The  custard  apple  has  rarely  been  grown  in  commercial  orchards,  or  where 
any  serious  attempt  has  been  made  to  provide  scientific  care.  Very  little  is  known 
therefore  as  to  the  best  cultural  methods.  The  trees  never  attain  very  great  size, 

and  if  planted  20  feet  apart,  are  not  likely  to  be  crowded.  Closer  planting  is 

recommended  in  some  countries,  and  Ahmed  points  out  that  in  the  desert  regions  of 
Egypt  thick  planting  may  improve  pollination  by  raising  the  humidity  of  the 

atmosphere.  Oppenheimer  (1947)  believes  that  the  spacing  used  in  Egypt,  about 

three  metres,  is  insufficient,  but  that  the  spacing  of  five  metres  used  in  Palestine  is 
too  great. 


The  need  for  manuring  custard  apples  in  order  to  get  good  crops  is  generally 
recognized.  Naturally,  it  is  more  important  where  the  trees  are  grown  on  poor, 
sandy  soil  than  where  the  soil  contains  a  good  supply  of  nutrients.  Firminger’s 
Manual  recommends  the  use  of  old  lime  or  mortar  and  cow  dung  during  the  wrinter. 
Popenoe  (1920)  quotes  Earle  to  the  effect  that  for  the  best  results  in  fruit  bearing, 
generous  amounts  of  fertilizer  containing  3%  nitrogen,  10%  phosphoric  acid,  and 
10%  potash  should  be  used.  Ahmed  (1936  B)  also  recommends  all  three  elements 
for  the  sandy  soils  of  Egypt,  while  Sturrock  (1940)  states  that  the  custard  apple  re¬ 
sponds  well  to  organic  fertilizers,  the  size  and  quality  of  the  fruit,  depending  chiefly 
on  the  vigour  of  the  tree.  On  very  light  soils,  Oppenheimer  (1947)  recommends 
60  to  80  kilograms  (132  to  176  lbs.)  of  manure  per  tree  each  year,  supplemented  by 
commercial  leitilizer,  especially  nitrogen.  Further  experimentation  was  needed  before 
this  very  general  recommendation  could  be  made  more  specific.  As  the  fruit  is  borne 
on  new  as  well  as  old  wood,  there  is  probably  little  danger  of  providing  too  much 

"*tr°fe";  .  Th‘S  fact  also  inidicates  ,he  desirability  of  good  cultivation,  although 
very  little  has  been  written  about  this. 

The  custard  apple  is  frequently  grown  without  irrigation,  and  in  established 
orchards  nr  Ind.a  is  able  to  produce  fair  crops.  This  Explained  in  « 
fee.  that  the  fruit  is  set  during  the  rainy  season  and  ripens  before  the  soil  has  be- 

y  y  rigation  is  needed  in  Egypt,  according  to  Ahmed 
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(1936  B)  who  recommends  watering  the  plants  at  least  twice  a  month  on  the  heavier 
soils  and  80  times  a  year  on  sandy  soils. 

If  left  unpruned,  the  custard  apple  forms  a  bush  with  a  large  number  of  stems 
of  various  sizes  and  ages.  In  India  it  is  customary  to  allow  the  plants  to  assume  this 
shape.  In  older  to  make  room  for  some  of  the  shoots  which  keep  appearing,  to 
’develop,  and  to  avoid  very  old  branches,  which  may  not  bear  well,  it  is  probably 
advisable  to  cut  out  the  older  stems  from  time  to  time.  Sometimes  only 
dead  wood  is  removed.  By  pruning  off  all  shoots  as  they  appear  except  one,  it  is 
possible  to  train  the  plant  into  a  standard  tree  with  one  trunk  and  several  well¬ 
spaced  branches.  Such  treatment  retards  the  growth  of  the  tree,  but  avoids  the 
crowding  and  the  crossing  of  branches  which  are  inevitable  in  the  bush  form. 
Whether  it  results  in  the  production  of  more  or  fewer  fruits  is  questionable.  Bud¬ 
ded  or  grafted  plants  would  naturally  be  trained  to  a  single  stem,  and  all  shoots 
arising  below  the  union  would  be  promptly  removed.  Stephens  (1936)  stresses 
the  importance  of  pruning  in  order  to  maintain  vigorous  trees  which  can  produce 
fruits  of  good  quality.  After  heading  back  to  form  a  strong  framework  he  rec¬ 
ommends  thinning  and  heading  back  to  prevent  crowding  and  to  maintain  healthy 
annual  growth.  He  warns  against  pruning  until  the  buds  are  ready  to  start  growth 
in  the  spring,  lest  earlier  pruning  cause  the  tree  to  die. 

One  of  the  worst  faults  of  the  annonas  as  a  group  is  their  tendency  to  bear 
few  fruits.  The  custard  apple  is  better  than  some  of  the  other  species  in  this  re¬ 
spect,  but  frequently  fails  to  produce  a  very  satisfactory  crop.  This  seems  to  be 
due  to  the  failure  of  many  of  the  flowers  to  form  fruits,  which  in  turn  is  some¬ 
times  caused  by  lack  of  pollination.  In  northern  India  the  custard  apple  blossoms 
over  a  long  period,  beginning  in  the  hot  weather  and  lasting  well  into  the  rains. 
Unfortunately,  little  or  no  fruit  sets  before  the  beginning  of  the  rains.  As  fruit 
which  is  still  immature  late  in  the  season  never  becomes  edible,  no  matter  how 
long  it  is  left  on  the  tree  or  kept  in  storage,  the  setting  of  fruit  early  in  the  season  is 

important. 

In  Egypt  a  similar  problem  exists,  as  under  dry  conditions  very  little  fruit 
sets.  Ahmed  (1936  A)  reports  that  the  yield  can  be  greatly  increased  by  hand 
pollination.  Flowers  on  the  extremities  of  branches  or  weak  flowers  in  clusters 
are  unlikely  to  set  fruit,  so  these  are  collected  and  used  for  pollen.  This  is  ap¬ 
plied  with  a  camel’s  hair  brush  before  the  stigmas  have  a  chance  to  dry  out.  Only 
as  many  flowers  are  pollinated  as  the  tree  can  carry  to  maturity.  This  has  prove 
a  very  satisfactory  solution  in  Egypt,  but  in  India,  at  least  under  certain  condi- 
tions  *  this  method  is  not  entirely  successful  because  the  early  flowers  produce  no 
pollen  It  is  possible  to  increase  the  set  of  fruit  during  the  rainy  season.  In  one 
experiment  at  Allahabad,  hand  pollinated  flowers  gave  an  85%  set,  as  compare 

with  30%  in  the  controls. 

Another  factor  which  may  affect  the  set  of  fruits  is  dichogamy.  Some  cus- 
t4rd  apple  trees  shed  pollen  in  the  morning  and  others  in  the  afternoon.  The 

stigmas  are  not  receptive  when  the  pollen  is  shed. 
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Both  seedling  and  budded  or  grafted  plants  ordinarily  come  into  bearing 
in  from  two  to  four  years,  although  Grant  and  Williams  (1936)  state  that  seed, 
lings  take  six  or  seven  years..  All  trees  begin  bearing  within  two  years  after 
planting  in  Palestine,  according  to  Oppenheimer  (1947)  who  says  that  good  trees 
five  years  old  yield  about  50  fruits  each,  while  older  trees  bear  up  to  twice  that 
number.  He  says  that  as  the  trees  get  old,  the  size  of  the  fruit  decreases,  and  that 
it  is  doubtful  whether  an  orchard  is  profitable  for  more  than  TO  or  12  years. 
Ahmed  (1936  B)  says  that  at  five  years  of  age  a  tree  should  produce  about  120 
fruits,  and  should  increase  for  at  least  20  years  to  a  maximum  of  about  500  fruits. 
This  is  probably  somewhat  higher  than  the  ordinary  yield  in  India.  Seedlings  8 
years  old  at  Allahabad  have  produced  from  31  to  288  fruits,  averaging  149.  Naik 
(1949)  says  that  good  trees  in  South  India  average  60  to  70  lbs.  a  year,  and  that 
in  some  cases  low  yields  may  be  because  of  lack  of  pollination. 


If  left  on  the  tree,  the  fruits  split  open  and  decay  rather  than  becoming 
soft  and  ready  to  eat.  They  are  therefore  harvested  while  still  firm,  but  after  the 
skin  between  the  segments  has  turned  a  creamy  yellow,  and  may  have  begun  to 
crack.  This  requires  going  over  each  tree  every  day  or  two.  The  fruits  are 
generally  kept  in  straw  for  a  few  days  until  soft.  After  they  are  ready  to  eat 
they  are  very  delicate  and  must  be  handled  with  the  utmost  care.  This  means  ' 
that  the  fruit  should  reach  the  consumer  within  a  few  days  of  picking,  and  makes 
transport  to  distant  markets  very  difficult.  If  picked  prematurely,  the  skin  holds 
together  better  even.after  the  pulp  is  soft,  but  the  quality  is  damaged.  In  India 
custard  apples  are  usually  sold  locally,  and  are  marketed  without  any  packing’ 
but  other  eountrtes  they  may  be  packed  and  shipped  short  distances.  In  Queen* 
and  it  has  been  recommended  (Anon.,  1944  C)  that  they  be  be  graded  by  hand 
"I0  6,°r  7  sizes>  80  lha‘  from  8  to  21  may  he  packed  in  a  half-bushel  case  For 
jZ  which  trsnSP°rt’  ^“Sgested  ‘hat  ‘hey  be  packed  in  w°odwool.  It' is  not 
could  be  applied  whh  any^f  the  rCCOmmendation’  but  s™!ar  methods 

pulp  may  be  mixed  whh  milk  mTom^driLTr'rnld3  d''ert  al'h°u8h  ,he 
has  a  pleasant  texture  and  flavour,  sweet  with  a  slTah,  A;'"'  TT'  The  pu,P 
a  flavour  distinctive  enough  to  antagonize  those  who^tasteTt  'for  ll  ‘  fi"*  "0t  haVe 
for  the  same  reason  it  fails  to  engender  great  enth„*i  r  ^  firSt.tlme’  but 
best  of  the  tropical  annonas,  with  the  possible  e  'lasm-  t  ts  considered  the 
value  lies  mainly  i„  lhe  sugar  co„,en,  wWeh  P  °f  'he  ikma-  Tha  d 
sweet  fruits,  such  as  the  fig.  The  variation  in  the^uTanl"6"  |W'-h  n*1  °f  °'her 
dtlTerent  analyses.  Stahl  (1935)  reports  five  analyses  in  n  °-7  '",US,ra,ed  bF 
edible  portion  varying  from  28.6  to  36.9%  SUffar  /  F,orida>  lowing  the 

from  .26  to  .65%.  Wester  (1925)  shows’ the  l°  16>6%’  and  acid 

55.73%  and  sugar  from  15.99  to  18  15%  On  V  6  P°rt,°n  vai7ing  form  52  to 
20%  sugar,  and  1.2%  protein.  Muth bter 1^'™'  ^  ^  ™  to 

states  that  analysis  in  Cuba  shows  72%  ed IZ ' V*  by  S,Urrocfc  "ho 

7  lb'e  portlon  a"<*  21.5%  sugar.  These 
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differences  may  be  due  in  part  to  the  conditions  under  which  the  fruit  was  grown 
m  part  to  inherent  differences,  and  perhaps  in  part  to  sampling. 

The  custard  apple  is  virtually  free  from  insect  pests  and  diseases  in  India 
and  the  entire  genus  in  all  parts  of  the  world  seems  to  have  no  major  troubles! 
Parsons  states  that  in  Ceylon  sickly  trees  are  mostly  caused  by  bad  drainage.  The 
mealy  bug  is  reported  by  Stephens  (1936)  as  the  chief  pest  in  Queensland,  satis- 
factory  control  being  possible  with  nicotine  sulphate  and  soap  spray.  Ahmed  re¬ 
ports  that  there  are  no  serious  pests  or  diseases  in  Egypt.  The  mealy  bug  and 
other  scale  insects  have  been  reported  on  the  cherimoya,  but  are  not  very  serious. 
A  collar  rot,  similar  to  gummosis  in  citrus,  has  been  reported  from  Australia. 


Other  Annonas 

Next  to  the  custard  apple,  the  most  commonly  grown  annona  in  India  is 
the  bullock’s  heart,  bull’s  heart  or  ramphal,  A.  reticulata.  It  is  also  known  in 
some  places  as  the  custard  apple  or  sweetsop.  Morton  and  Morton  (1946)  say 
that  according  to  the  publication  Standard  Plant  Names,  the  approved  name  for 
the  fruit  is  custard  apple  and  for  the  tree,  bullocksheart  custardapple,  but  one  can 
hope  that  such  a  confusing  standardization  will  never  become  established.  The 
fruit  is  slightly  larger  than  that  of  A.  squamosa,  and  the  carpels  are  fused  to  form 
a  rind  marked  with  hexagonal  areoles.  It  has  the  advantage  of  containing  fewer 
seeds,  but  the  pulp  is  less  delicately  flavoured.  There  is  much  variation  in  quality, 
but  even  the  best  are  not  as  good  as  the  average  custard  apple.  The  sugar  con¬ 
tent  is  slightly  less. 

The  climatic  and  soil  requirements  of  the  bullock's  heart  are  such  that  it 
can  be  grown  in  much  the  same  area  as  the  custard  apple.  It  is  somewhat  less 
resistant  to  cold  than  the  custard  apple,  and  prefers  a  somewhat  heavier  soil.  The 
tree  is  quite  similar,  and  cultural  operations  are  much  the  same,  although  it  must 
be  admitted  that  here  again  the  best  methods  are  not  known  with  any  certainty. 
The  fruit  takes  longer  to  mature,  and  in  tropical  regions  some  fruit  may  be  ripen¬ 
ing  throughout  the  year,  although  the  bulk  of  the  crop  comes  in  a  period  of  a  few' 
months.  In  India  it  ripens  during  the  hot  weather,  and  thus  is  not  in  competition 
with  the  custard  apple.  It  is  rarely  grown  commercially,  but  if  some  of  the  supe¬ 
rior  strains  were  to  be  propagated  vegetatively  they  might  be  economically  grown. 
Naik  (1949)  states  that  it  thrives  all  over  the  plains  of  South  India,  and  to  an  ele¬ 
vation  of  4,000  feet  on  humid  hills,  and  that  individual  trees  at  the  Burliar  station 
yield  from  75  to  100  lbs.  a  year. 

A  dry  rot  of  the  bullock’s  heart  fruit  is  reported  by  Chowdhury  (1947  B) 
as  common  in  Sylhet  district,  where  it  sometimes  spoils  from  15  to 
20%  of  the  crop  in  an  orchard.  It  is  caused  by  Glomcrclla  cingu- 
lata,  and  may  be  controlled  by  spraying  with  2-2-50  Bordeaux  mixture 
when  it  appears  or  is  about  to  appear  in  the  middle  or  latter  part 
of  December.  This  saves  all  of  the  fruit  not  infected  at  the  time  of  spraying. 
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less  commonly  grown  in  India  is  the  soursop,  A.  muricata,  common- 
n  Spanish-speaking  countries  as  the  guanabana.  This  is  the  most  tropi- 
of  the  genus,  and  is  not  suited  to  most  of  northern  India.  It  is  grown  to  a 
jitain  extent  in  Assam,  and  in  lower  Burma.  Naik  (1949)  states  that  in  Madras 
it  does  better  on  the  plains  than  in  the  hills,  but  that  it  is  liked  by  few  persons. 
This  may  be  because  of  the  absence  of  the  best  varieties.  It  is  a  favourite 
fruit  in  Cuba,  and  is  grown  to  a  certain  extent  in  other  parts  of 
the  tropics,  including  Ceylon.  The  fruit  is  larger  than  that  of  any  of  the  other 
annonas,  weighing  from  three  to  six  or  even  eight  pounds.  As  the  name  indicates, 
the  fruit  is  comparatively  sour,  containing  two  or  three  times  as  much  acid  as  the 
custard  apple,  and  somewhat  less  sugar.  The  sugar  content,  however,  compares 
well  with  that  of  a  good  many  fruits,  running  from  about  11  to  14%.  In  Burma 
the  soursop  is  eaten  as  a  dessert  fruit,  but  is  not  as  well  liked  as  the  custard  apple. 
In  Cuba  and  other  parts  of  America  it  is  used  in  ices  and  ice  cream,  or  mixed  with 
milk  to  form  a  famous  drink.  Ochse  (1931)  states  that  the  soursop  is  one  of  the 
best  fruits  of  Java.  The  pulp  is  pressed  through  a  sieve  and  eaten,  preferably 
with  syrup  and  ice,  or  by  some,  mixed  with  wine  or  brandy.  The  young  fruits  are 
used  in  a  kind  of  soup.  One  of  the  main  drawbacks  to  the  cultivation  of  the  sour¬ 
sop  is  the  small  number  of  fruits  borne  on  a  tree.  This  varies  a  good  deal,  but 
even  the  most  prolific  will  rarely  exceed  two 


The  cherimoya  is' generally  considered  to  be  the  best  of  the  genus,  and  in¬ 
deed,  one  of  the  best  fruits  in  the  world.  It  is  not  as  sweet  as  the  custard  apple,  but 
has  a  more  distinct  flavour.  Another  form  of  the  name  is  cherimoyer  and  the  scien¬ 
tific  name  is  Annona  cherimola  ( cherimolia ).  This  is  the  least  tropical  of  the 
genus.  It  originated  in  the  highlands  of  tropical  America,  probably  in  Ecuador  and 
I  eru,  and  grows  well  only  under  similar  conations.  It  cart  stand  only  slightly  more 
frost  than  the  custard  apple,  and  does  not  do  well  where  the  humid, ‘tv  i*  eirW 
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above  90  F.  and  the  humidity  below  30%.  It  was  not  found  possible  to  store  the 
pollen  more  than  one  day.  When  the  flowers  first  open  the  pistils  are  receptive* 
ater  the  pollen  is  shed  and  the  pistils  function  to  a  much  smaller  degree.  Oppen- 
leimer  found  that  although  the  trees  flourish  in  Palestine,  practically  no  fruit  is 
borne  without  hand  pollination  and  that  in  one  experiment,  only  16%  of  the 
pollinated  flowers  set  fruit,  and  these  produced  lop-sided  fruits,  indicating  im¬ 
perfect  pollination.  Naik  also  suggests  that  lack  of  adequate  pollination  may  be 
responsible  for  yields  which  generally  do  not  exceed  100  fruits  in  a  year. 

One  of  the  best  of  the  annonas,  and  one  which  should  succeed  in  some  sec¬ 
tions,  at  least,  of  India  is  the  ilama,  A.  diversifolia.  Although  it  is  an  important 
fruit  in  Mexico  and  Central  America,  it  was  not  tried  in  other  sections  as  early  as 
weie  other  species,  and  still  seems  to  be  entirely  unknown  in  India.  Trees  from  seed 
planted  in  1925  were  growing  in  Ceylon,  but  had  not  fruited  when  Parsons  report¬ 
ed  in  1932.  The  climatic  requirements  are  said  to  be  similar  to  those  of  the  cus¬ 
tard  apple  though  it  probably  will  not  stand  quite  as  much  frost.  The  fruit  of 
some  varieties  is  said  to  be  similar  to  that  of  the  custard  apple,  while  that  of  others 
more  closely  resembles  the  cherimoya. 

Another  fruit  which  is  promising  for  India  is  the  atemoya,  a  cross  between  the 
custard  apple  and  the  cherimoya.  Its  climatic  requirements  are  similar  to  those  of 
the  custard  apple,  but  the  fruit  more  closely  resembles  the  cherimoya.  Like  both 
parents,  it  is  inclined  to  be  a  shy  bearer,  but  Sturrock  reports  that  in  southern 
Florida  it  bears  good  crops  of  fruits  of  excellent  quality.  Oppenheimer  also  reports 
that  chance  hybrids  seem  common  in  Palestine,  and  that  some  of  them  approach  the 
cherimoya  in  quality  and  the  custard  apple  in  yield.  He  suggests  that  some  of  the 
heavy-yielding  ‘cherimoyas’  of  Egypt  and  Queensland  may  actually  be  hybrids. 
Hybrids  have  also  been  produced  at  the  Ganeshkhind  garden  at  Poona,  and  a  few 
selections  have  been  made  and  propagated  by  inarching.  As  the  atemoya  is  a  hy¬ 
brid,  seedlings  cannot  be  expected  to  come  true  to  type,  so  budding  or  grafting 
should  be  employed.  Custard  apple  seedling  are  said  to  make  a  satisfactory  root¬ 
stock.  This  is  a  fruit  which  should  certainly  be  tried  extensively  in  India. 

Chapter  xxiii 
THE  PINEAPPLE 

Many  fruits  are  unfortunate  in  their  names.  The  English  term  ‘pineapple, 
with  its  reference  to  the  inedible  cone  of  a  tree  of  temperate  climates,  is  an  unhappy 
selection  for  one  of  the  most  delicious  of  tropical  fruits.  Surely  those  languages 
did  better  which  based  their  word  for  this  fruit  on  the  name  used  in  its  native  ^coun¬ 
try  where,  in  the  Guarani  language,  a  mean  ‘fruit’  and  nana  means  excelling  . 

The  excellent  fuit  is  probably  indigenous  to  Brazil,  although  it  had  spread  to 
the  other  parts  of  tropical  America  by  the  time  of  Columbus,  who  took  it  to  Europe. 
There  it  immediately  became  popular  and  efforts  were  made  to  grow  it,  with  some 
success  even  in  cold  countries  where  by  the  17th  century  it  was  grown  under 
With  the  traffic  then  springing  up  to  all  parts  of  the  world,  its  spread  was  very  rapi  • 
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It  seems  to  have  reahed  India  by  1548  and  probably  Malaya  at  about  the  same  time, 
or  soon  afterward.  In  the  Philippines,  pina  cloth  was  being  made  from  the  fibre 
extracted  from  the  leaves  in  the  sixteenth  century.  The  history  of  the  pineapple  in 
South  Africa  dates  from  about  1655.  It  is  not  known  definitely  when  the  first 
pineapples  were  introduced  into  the  Hawaiian  Islands,  where  the  industry  was  to 
reach  its  highest  development,  but  some  were  planted  ip  1809.  A  start  was  made  in 
Queensland  in  about  1854.  The  canning  industry  was  started  on  a  small  scale 
in  Hawaii  in  1892  and  in  Singapore  at  .about  the  same  time.  These  two  centres  have 
become  the  most  important.  About  50,000  acres  of  pineapples  are  said  to  be  grown 
in  Malaya,  while  Hawaii  has  about  90,000  acres  available,  but  as  the  land  is  left 
fallow  or  planted  to  other  crops  in  rotation,  not  all  of  this  is  producing  pineapples 
at  any  one  time.  The  West  Indies,  South  Africa,  and  Queensland  also  have  indus¬ 
tries  of  some  importance,  and  the  fruit  is  grown  on  a  smaller  scale  in  Formosa,  the 
Philippines,  and  several  other  countries. 

Although  the  pineapple  is  not  canned  to  any  extent  in  India,  and  the  industry 
has  not  been  intensively  developed,  it  is  of  considerable  importance.  Rao  (1946) 
estimates  an  area  of  10,000  acres  in  the  country,  with  an  annual  yield  of  24,000 
tons.  A  bulletin  on  the  marketing  of  various  fruits  (Anon.,  1950)  estimates  the 
acreage  in  1941-42  as  11,178,  of  which  perhaps  about  8,000  is  now  in  India.  Naik 
(1949)  states  that  there  are  about  1,400  acres  in  Madras,  in  addition  to  innumerable 
home  gardens  on  the  west  coast,  and  about  100  acres  each  in  Cochin,  Travancore, 
Coorg,  and  Mysore.  Pineapples  are  grown  to  some  extent  along  the  west  coast  as  far 
as  Gujarat,  and  on  a  large  scale  in  Assam  and  Bengal.  Chand  (1943)  reports  140 
acres  in  Uttar  Pradesh,  mainly  in  the  tarai  districts.  Gandhi  (1949)  estimates  60 
acres  m  Bombay  and  there  is  a  limited  acreage  in  other  states.  Pineapples  also 
form  an  important  crop  in  Burma  and  Ceylon. 


The  pineapple  is  the  only  member  of  the  family  Bromeliaceae  of  any  great 
importance,  although  a  few  of  the  900  species  are  cultivated  as  ornamentals  and 
fibre  is  extracted  from  some.  The  genus  of  the  pineapple  is  Ananas  and  the  species 
'S  comosus,  with  sativus  as.  a  very  common  synonym,  and  saliva  and  ananas  more 
rarely  used.  Certain  other  species  produce  small  fruits  more  or  less  like  the  pine¬ 
apple  but  these  are  of  no  use  horticulturally  except  possibly  as  parents  which  might 
contribute  resistance  to  pests  or  unfavourable  conditions  to  hybrids. 


The  pineapple  differs  greatly  from  other  fruits,  being  one  of  the  very  ft 
bva  are, 'm"'oc°!;  “  °"ous-  11  consists  of  a  very  short  stem  praclieally  hidd. 
stiff  arT  C  °  "l'  [  ea'eS’  and  3  P°°rly  <lev<,|°lic'1  ro°t  system.  The  leaves  a 

/troteetell Tv^th  r  “PP"t  St°mata  !"  furrOWS  lhe  under  surfac 

The  lea  a  7  “*  °f  ,a'rS'  Tlans',iralion  is  thus  held  to  a  minimut 

,h  v  ZZ  Z  “  arran?ed  lHat  Wry  lil"e  rai"  8«*  Pus-  them  to  the  ground 
o  Lted1"  7  C°UCaVe’  S°  ,ha‘  'he  Water  iS  conducted  to  the  base.  Heavy  dm, 
K  "wZ  r\  "  ^  ~  °f  -cr  will  he  held  in  the  polk 

reach  the  o-ro ]  Tl  3 ’’  on  -’  u Pen  these  pockets  overflow  will  wat 

reach  the  ground.  The  roots  grow  from  buds  in  the  axils  of  the  leaves.  The  low 
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ones  enter  directly  into  the  soil,  but  those  higher  on  the  stem  grow  in  these 
pockets  and  may  circle  the  stem.  Some  of  them  eventually  reach  the  soil.  The 
roots  probably  derive  most  of  their  nourishment  from  the  soil  within  a  radius  of 
one  foot.  The  plants  are  poorly  anchored  and  have  a  tendency  to  fall  over.  Both 
of  these  facts  encourage  close  planting  so  that  the  plants  may  support  each  other. 


The  flower  stalk  is  an.  extension  of  the  main  stem.  It  bears  a  head  of  flowers, 
each  borne  in  the  axil  of  a  bract,  and  above  the  flowers  are  other  bracts  which  form 
the  'crown’  of  the  fruit.  The  flowers  develop  into  berries  which  fuse  to  form 
the  multiple  fruit.  The  receptacle  and  bracts  are  included  in  the  fruit.  Some 
varieties  are  self-sterile,  and  in  most  of  the  better  types,  viable  seeds  are  rare. 

A  mild  tropical  climate  seems  best  suited  to  the  pineapple,  such  as  is  found 
in  the  tropics  near  the  sea  or  at  some  elevation  above  it.  Johnson  (1935),  in  his 
excellent  and  comprehensive  book  on  the  pineapple,  suggests  that  temperatures 
varying  from  60  to  90°F.  are  best.  Injury  is  caused  when  the  temperature  falls 
below  freezing,  at  least  if  by  more  than  a  few  degrees.  On  the  other  hand,  some 
cool  weather  in  the  winter  seems  to  improve  the  quality.  Very  strong  sunshine 
is  undesirable,  but  complete  shade  is  also  harmful.  In  India,  pineapples  are  fre¬ 
quently  grown  under  mango  trees,  but  the  decline  of  such  plantations  may  be 
caused  by  the  shade  becoming  too  dense.  INaik  (1949)  says  that  partial  shade  from 
cocoanuts  or  young  mango  trees  on  the  west  coast  does  no  harm,  and  that  on  the 
plains  some  shade  may  be  necessary.  Lighter  shade  is  used. in  Malaya,  where 
there  is  more  moisture  in  the  air  and  the  sunshine  is  less  bright,  while  in  such  mild 

climates  as  that  of  Hawaii,  no  shade  is  provided. 

It  is  frequently  stated  that  heavy  rainfall  is  necessary,  especially  if  water  for 
irrigation  is  not  plentiful.  Actually,  the  pineapple  is  grown  under  a  wide  range 
of  moisture  conditions,  and  Johnson  (1935)  states  that  where  a  paper  mulch  is  used 
in  Hawaii,  the  crop  can  be  grown  with  an  annual  rainfall  of  as  little  as  20  inches, 
without  irrigation.  Wind  is  much  less  of  a  factor  than  in  the  case  of  many  crops 
but  Johnson  reports  that  wind  may  bruise  the  ends  of  the  leaves  and  the  bruise 


portions  then  become  decayed. 

The  Pineapple  is  grown  on  many  different  types  of  soil,  ranging  from  ^ 
very  poor,  white  siliea  sands  of  Florida  to  the  clay  loam  and  clay  sods  of  the 
ipplnes.  In  the  West  Indies  the  soils  are  generally  light  and  rather  P°°r  ,Tl“  *° 
of  Hawaii  are  of  as  fine  a  texture  as  clay,  but  are  laterite  soils  which  do  no  - 

main  sticky  and  can  be  more  easily  worked.  In  South 

pineapples  are  grown  on  loam  or  heavy  loam  sods.  In  Queens  d  re  is^  ^ 

variation,  hut  sandy  loam  is  considered  best.  Near  Singapore  they  e  g 

both  wet  soil  with  a  high  humus  content  and  a  coarse  grav  Uy  The 

larger  on  the  heavier  soil,  but  it  is  said  that  the  flavour  of  the  fru t  ^ 

lighter  soil  is  richer.  Laterite  hill  slopes  and  the  sandy  and loam £ - 

coast  are  said  to  he  the  most  suitable  in  Sou*  In  d.a .  G'.od  drainage  ^  ^ 

as  very  important,  but  the  soil  does  not  nee  ° <  >  although 

wet  soil  of  Singapore,  the  water  level  is  only  three  eet  from 
Ochse  (1931)  warns  of  the  danger  pf  too  high  a  water  table, 
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A  peculiar  condition  exists  in  the  soils  of  Hawaii,  which  for  a  time  t  rea  en 
to  restrict  the  development  of  the  industry  drastically.  Most  of  the  soils  ere  are 
very  rich  in  iron,  aluminium  and  especially  manganese,  with  a  pH  value  of  rom 
5  5  to  7.  In  the  presence  of  such  a  hig|h  percentage  of  manganese,  t  le  ir0n 
available,  and  the  addition  of  iron  to  the  soil  is  of  no  value.  It  was  discovere 
fortunately,  that  the  deficiency  in  the  plants  could  be  rectified  by  spraying  them  wi 
iron  sulphate  several  times  a  year,  and  this  is  now  standard  practice  in  Hawaii. 
Barnes  (1944)  advocates  spraying  the  plants  with  a  weak  solution  of  ferric  sul¬ 
phate  where  the  presence  of  manganese  prevents  the  absorption  of  iron  from  the 
soil  in  Queensland,  but  he  emphasizes  the  desirability  of  keeping  the  pH  of  the 
soil  down  to  4.5  or  5,  adding  sulphur  if  necessary  to  attain  this  object.  An  excess 
of  lime  in  the  soil  may  also  inhibit  the  absorption  of  iron  and  cause  chlorosis. 
In  Puerto  Rico  this  is  successfully  treated  by  applying  sulphur  to  the  soil, 
and  Pennock  (1949)  prefers  a  pH  of  5  or  slightly  below.  He  and  Schappelle  (1942) 
recommend  spraying  ‘diligently  and  regularly’  with  iron  sulphate,  as  even  slight 
chlorosis  during  the  sowing  or  early  fruiting  period  reduces  the  yield. 

Propagation 

Except  for  breeding  purposes,  vegetative  propagation  is  universally  prac¬ 
tised.  Several  parts  of  the  plant  may  be  used.  Shoots  which  grow  in  the  axils  of 
the  leaves  are  called  suckers;  those  which  come  out  below  the  surface  of  the  soil 
are  called  ground  suckers  or  ratoons.  Shoots  borne  on  the  fruiting  stem,  below  the 
fruits,  are  known  as  slips.  Suckers  and  slips  are  the  most  commonly  used  planting 
materials.  In  most  countries,  suckers  are  preferred,  as  they  mature  the  first  crop 
of  fruit  several  months  sooner.  In  Hawaii  suckers  produce  fruit  in  from  15  to  18 
months,  while  slips  require  from  20  to  22.  Under  less  favourable  circumstances, 
both  may  take  longer.  Slips  produce  larger  fruits  in  the  first  or  ‘plant’  crop.  In 
Hawaii  slips  are  preferred  because  when  they  are  planted  in  the  autumn,  after  the 
crop  is  harvested,  they  produce  the  first  crop  in  the  summer  of  the  second  year, 
when  the  fruit  is  sweeter  than  that  which  matures  in  the  winter  or  spring.  On 
the  other  hand,  if  the  crop  is  to  be  sold  on  the  fresh  fruit  market  it  brings  a  better 
price  in  the  winter  or  spring,  when  there  is  less  fruit  ripening.  In  Ceylon  large 
slips  or  suckers  are  planted  in  May  or  June  in  order  to  produce  fruit  the  next  year, 
or  smaller  ones  are  planted  from  October  to  December  and  produce  fruit  in  from 
18  to  20  months.  Naik  (1949)  says  that  suckers  are  preferred  in  South  India 
because  they  give  a  crop  in  18  months,  as  compared  with  two  years  when  other 
material  is  used.  Choudhury  (1947  A)  prefers  suckers  which  will  flower  in  6  or  7 
months,  as  very  large  ones  flower  too  soon  and  give  weak  plants  and  small  fruits. 

The  crown  or  top  of  the  fruit  is  sometimes  planted,  and  under  favourable 
conditions  will  grow  well,  although  it' ordinarily  takes  at  least  two  years  to  pro- 
duce  npe  fruit.  Crowns  are  extensively  used  with  the  Smooth  Cayenne  variety  in 
South  Africa  They  are  available  at  canning  factories,  but  not  where  the  fruit  is 

v  ipped  fresh.  Shoots  sometimes  grow  on  the  crown,  and  are  called  crown  slips, 
but  are  very  small  and  of  no  value. 
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In  some  places,  stumps  are  used,  these  being  the  stalks  after  the  fruit  has 
been  harvested,  lhey  are  planted  in  furrows  in  much  the  same  manner  as  is  sugar- 
cane.  I  he  shoots  which  develop  along  the  stump  are  later  removed  and  planted, 
but  as  they  are  slow  and  irregular  in  growth,  the  method  is  not  very  popular. 

1  he  type  of  planting  material  to  be  used  will  depend  on  local  conditions  and 
the  desires  of  the  grower,  and  also  on  the  variety  of  pineapple.  Some  varieties 
produce  very  few  suckers  or  slips,  and  the  grower  may  he  forced  to  use  any  mate- 
rial  he  can  get.  especially  where  pineapple  cultivation  is  expanding.  The  health  and 
vigour  ol  the  plant  from  which  the  material  is  taken  are  of  great  importance. 
Even  it  poor  growth  is  due  to  lack  of  fertility,  suckers  or  slips  from  weak  plants 
seem  incapable  of  producing  strong  plants,  even  when  given  the  best  of  care. 

In  the  development  of  new  varieties,  one  difficulty  is  the  time  taken  to  pro¬ 
duce  planting  material  for  the  industry  in  case  an  improved  variety  is  secured.  Only 
a  limited  number  of  slips,  suckers,  crowns,  anH  stumps  are  produced,  and  many 
years  would  be  required  to  produce  the  hundreds  of  thousands  necessary  for  com¬ 
mercial  production.  To  help  solve  this  problem,  a  method  was  evolved  in  St. 
Lucia  in  the  West  Indies  and  reported  by  Walters  (1932).  A  stem  which  has 
not  yet  fruited  is  stripped  and  cut  into  slices  not  more  than  one-fifth  of  an  inch 
thick.  The  slices  are  soaked  in  potassum  permanganate  solution  and  planted.  When 
rooting  has  occurred,  each  slice  can  be  cut  into  three  triangular  portions  and 
replanted.  In  this  way  from  SO  to  100  plants  can  be  secured  from  one  foot  of  stem, 
and  will  be  ready  to  plant  out  in  the  nursery  In  about  six  months.  A  similar 
method  is  sometimes  used  in  Malaya,  where  each  slice  is  thick  enough  to  contain 
two  or  three  buds,  and  is  not  further  divided. 

While  the  first  crop  of  fruit  is  developing,  slips  and  suckers  are  also  growing. 
If  left  on  the  plant,  some  of  these  will  in  turn  produce  fruits.  They  sometimes 
send  their  own  roots  into  the  soil.  From  them  develop  still  more  slips  and  suck¬ 
ers,  but  these  are  likely  to  be  rather  weak,  and  the  second  ratoon  crop  comes  mostly 
from  suckers  of  the  plant  crop  which  did  not  fruit  during  the  first  ratoon  season. 
The  process  can  be  carried  on  indefinitely,  and  in  some  cases  plantations  on  very 
fertile  soil  have  continued  to  produce  satisfactorily  for  more  than  30  years.  Ordi¬ 
narily.  however,  it  is  better  to  discontinue  the  plantation  in  a  much  shorter  lime. 
In  Malaya,  by  the  time  the  plantation  has  ceased  to  yield  good  crops,  the  young  rub¬ 
ber  trees  among  which  the  pineapples  are  planted  have  reached  a  size  such  that 
they  shade  the  ground  too  much  for  pineapples.  Grant  and  Williams  (1936)  state 
that  in  Burma  the  life  of  a  plantation  is  about  10  or  12  years,  after  which  the  soil 
is  given  very  thorough  cultivation  and  heavy  manuring  before  being  replanted,  n 
many  parts  of  the  world  it  is  considered  better  practice  to  plant  some  other  crop 
for  a  few 'years,  or  at  least  to  allow  the  land  to  lie  fallow  for  a  year.  In  Hawaii, 

the  practice  is  to  take  only  from  one  to  three  ratoon  crops.  . 

The  length  of  time  a  plantation  is  expected  to  remain  determines  very  large¬ 
ly  the  system  to  be  used  in  planting.  If  only  a  few  ratoon  crops  are  contemplated 
cultivation  is  of  less  importance,  and  the  plants  can  be  set  closer  toget  er.  ^ 


more  permanent  plantations,  more  room  must 


be  left  for  cultivation  and  for  the 
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larger  numbers  of  leaves  and  stalks  in  the  ratoon  crops.  The  plants  are  placed  in 
beds  of  from  one  to  six  or  seven  rows,  and  formerly  even  wider  beds  were  used,  n 
single  rows  the  plants  are  placed  from  1  to  2  feet  apart,  and  the  rows  about  2* 
feet^  apart.  This  allows  the  use  of  animal-drawn  cultivators,  but  the  plants  do  not 
support  each  other  and  in  some  cases  fall  over  and  then  suffer  from  sunburn  on 
the  side  of  the  fruit.  In  the  double  row  system,  the  plants  are  frequently  placed 
about  12  to  14  inches  apart  both  ways,  with  the  beds  5  or  6  feet  from  centre  to 
centre.  This  provides  for  some  mutual  support  and  still  leaves  a  chance  lor  con¬ 
siderable  cultivation.  Single  or  double  rows  9  feet  apart  proved  unsatisfactory  in 
Queensland,  and  Barnes  (1944)  states  that  it  is  now  common  to  put  the  plants  1 
foot  apart  in  double  rows,  2  feet  from  row  to  row,  and  4  feet  between  pairs.  \^hen 
there  are  three  rows,  the  middle  row  gets  less  cultivation  and  sunlight,  and  is  likely 
to  give  smaller  fruits  than  the  outer  rows.  If  the  spacing  is  18  to  24  inches,  good 
results  may  be  had,  but  in  Hawaii  it  is  preferred  to  have  the  same  number  of 
plants  per  acre  by  closer  spacing  in  two  rows.  The  four-row  system  is  popular  in 
Hawaii,  using  mulching  paper  54  or  58  inches  wide,  with  plants  14  to  19  inches 
apart  in  rows  15  or  16  inches  apart,  and  beds  7  or  8  feet  from  centre  to  centre. 
This  method  gives  the  largest  number  of  rows  that  can  be  reached  from  the  pas¬ 
sageways.  More  than  four  rows  in  a  bed  are  used  only  on  very  sandy  soil,  where 
cultivation  is  not  so  important. 


Different  systems  are  favoured  in  different  countries,  as  the  conditions  under 
which  pineapples  grow  vary  greatly.  Ochse  (1931)  recommends  double  row's,  2  to 
24  feet  apart,  with  4  to  6  feet  between  pairs.  The  most  common  system  in 
Burma  is  said  by  Grant  and  Williams  (1936)  to  be  single  rows  4  feet  apart,  with 
the  plants  3  feet  apart  in  the  row,  which  is  unusually  generous  spacing.  Double  rows, 
with  2  feet  between  and  5  feet  between  pairs  are  also  used.  The  same  method,  with 
lo  to  20  inches  between  plants  in  the  row,  is  strongly  recommended  by  Sane  (1935) 
for  Uttar  Pradesh,  while  Firminger’s  Manual  favours  planting  at  distances  of  2  by 
at  least  .:>  feet.  Chowdhury  (1947  A)  in  Assam  recommends  rather  wide  spacing, 
3  feet  by  4  feet,  or  planting  in  beds  5  feet  apart,  with  2,  3,  or  4  rows, 2  feet  apart, 
with  the  same  distance  between  plants  in  the  row.  He  says  that  in  the  hills  they 
should  be  planted  along  contours,  either  terraced  or  in  trenches,  with  12  to  15 
feet  between  rows  on  an  average  hill.  Naik  (1949)  reports  that  in  South  India  the 
plants  are  set  from  2  to  6  feet  apart,  either  with  wider  spacing  between  rows  than 
between  plants  in  the  row,  or  with  a  path  4  to  6  feet  wide  after  3  or  4  rows, 
he  smgle  row  system  used  in  Burma  provides  for  3,630  plants  per  acre  while  2 
i  bl3  ff6t  ?aCinS  7>260.  The  system  advocated  by  Sane  allows  6  22^  On 
the  other  hand.  10,000  plants  per  acre  is  not  unusual  in  other  countries,  andir, 
Hawaii  it  is  customary  to  plant  from  1 1,000  to  18,000.  Briant  and  Tidbury  ( 19421 

tlTaveMge'"  Z:  largely  inCrCaSed  ‘he  yie'd’  aUh0l'8>'  -duced 


Planting 


The  need  for  thorough  cultivation  before  plantin 
countries,  although  it  is  said  that  little  or  no  cultivation  is 


g  is  recognized  in  most 
given  in  Singapore.  In 
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Hawaii,  according  to  Johnson  (1935),  a  cover  crop  is  ordinarily  ploughed  in  about 
a  year  before  the  pineapples  are  to  be  set,  followed  by  five  to  seven  ploughings  and 
harrowings.  Subsoiling  is  also  practised,  especially  where  there  is  any  danger  of 

poor  drainage.  Sane  (1935)  recommends  three  ploughings  during  the  hot  weather, 
each  followed  by  harrowing  or  discing. 

before  planting  suckers  or  slips,  a  few  of  the  lowTer  leaves  are  stripped  off, 
and  they  are  generally  allowed  to  dry.  In  Hawaii  they  are  stood  upside  down  for 
a  week,  or  less  if  they  have  partially  dried  before  stripping.  Barnes  (1944)  says 
that  planting  material  can  be  stored  for  several  months  in  single  layers,  butts  up, 
either  in  the  shade  or  in  the  open.  If  fresh  material  is  planted  in  moist  soil,  it  is 
likely  to  rot,  and  if  the  leaves  are  allowed  to  remain  the  roots  may  have  difficulty 
getting  into  the  soil,  especially  under  rather  dry  conditions. 


The  suckers  or  slips  are  planted  from  two  to  five  inches  deep,  depending  on 

their  size,  so  as  to  leave  the  bud  or  ‘heart’  about  an  inch  above  the  surface.  Care 
must  be  taken  to  prevent  soil  from  getting  into  the  heart.  The  soil  should  be  made 

firm  around  the  plant.  In  Hawaii  a  ‘planting  iron’  is  used,  this  being  a  blade  about 
an  eighth  of  an  inch  thick,  two  inches  wide  and  about  eight  inches  long,  writh 
a  curved  handle.  This  is  very  similar  to  the  khurpi  which  may  well  be  used  for  the 
same  purpose.  In  some  countries  it  is  customary  to  plant  in  furrows  instead  of 
making  individual  holes. 

In  India  it  is  considered  best  to  plant  pineapples  during  the  rainy  season, 
when  they  start  growth  quickly  and  no  irrigation  is  needed  for  several  months,  but 
if  planted  in  dry  soil  they  can  withstand  considerable  drought  and  then  grow  when 
water  is  provided  by  rain  or  irrigation.  Chowdhury  (1947  A)  says  that  in  Assam  it 
is  desirable  to  avoid  either  heavy  rains  or  drouth  in  the  first  months,  and  that 
therefore  August  is  a  suitable  month  for  planting.  Firminger’s  Manual  recom¬ 
mends  planting  on  ridges,  which  may  be  an  advantage  where  heavy  rains  are  fre¬ 
quent. 

After  planting,  the  main  purpose  of  cultivation  is  to  control  the  weeds.  As 
the  root  system  of  the  pineapple  is  not  extensive,  the  plant  is  not  able  to  compete 
well  with  weeds,  and  the  removal  of  the  latter  is  important.  Hand  work  is  gen¬ 
erally  necessary  in  addition  to  that  done  by  machines  where  the  system  of  the  plant¬ 
ing  allows  their  use.  Care  should  be  taken  to  avoid  damaging  the  roots,  especially 
those  of  plants  maturing  fruit.  *  Naik  (1949)  says  that  a  few  growers  in  South 
India  mulch  with  dry  leaves  or  straw,  with  obvious  benefit. 


Reference  has  been  made  to  the  use  of  mulching  paper  in  Hawaii  a  P^act'ce 
which  was  begun  about  1920,  and  has  become  almost  universal  in  the  Islands 
Heavy  paper  impregnated  with  asphalt  is  furnished  in  rolls  36  to  me  es  wi 
and  300  to  600  feet  long.  This  is  rolled  out  onto  the  beds,  leaving  a  passage  e 
tween  strips.  Holes  are  made  through  the  paper  in  planting,  and  some  wee  s  a  , 
likely  to  grow  through  these  whieh  have  to  be  removed  by  hand.  No  other  weed m 
or  cultivation  is  needed,  and  this  saving  of  expense  was  the  greatest  benefit  winch 
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wac  expected.  It  was  discovered,  however,  that  the  paper  mulch  increases  the  crop 
15  to  25%,  and  improves  the  quality  of  the  slips  produced  Whether  the  in¬ 
creased  crop  comes  from  the  increased  temperature  of  the  soil,  better  mots  ure 
conditions,  or  some  other  factor,  is  not  clear.  The  use  of  a  paper  mulch  has  no 
spread  to  other  countries,  at  least  to  a  large  extent,  and  is  probably  undesirab  e 
where  there  is  heavy  rainfall.  Barnes  (1944)  says  that  it  is  desirable  on  light  soils 

in  Queensland. 


Rather  heavy  manuring  is  practised  in  most  countries  where  the  pineapple 
is  grown,  although  there  are  comparatively  few'  experiments  to  show  just  what  is 
needed.  In  the  case  of  the  very  sandy  soils  of  Florida  and  the  West  Indies,  nitro¬ 
gen,  phosphorous,  and  potassium  are  all  added  in  fairly  large  amounts,  and  as  the 
soil  contains  very  little  plant  food,  their  use  is  probably  justified.  The  virgin  soils 
of  Hawaii  are  rich,  and  no  manuring  is  needed  for  several  crops.  After  that  nitro¬ 
gen  must  be  applied  in  large  amounts.  The  pineapple  seems  able  to  absorb  nitro¬ 
gen  in  the  form  of  ammonia,  and  perhaps  prefers  this  to  the  nitrate.  Ammo¬ 
nium  sulphate  is  considered  the  best  fertilizer  in  Hawaii.  Pennock  (1949)  also 
found  this  better  than  ammonium  nitrate  in  Puerto  Rico.  Grant  and  Williams  rec¬ 
ommend  an  annual  application  of  20  pounds  of  nitrogen,  40  pounds  of  phosphoric 
acid,  and  20  pounds  of  potash  per  acre,  or  failing  these,  two  tons  of  well-rotted 
cowdung.  In  preparing  the  land  for  replanting  after  10  or  12  years  they  suggest 
the  use  of  at  least  twice  these  amounts  of  fertilizers.  Sane  (1935)  refers  to  promis¬ 
ing  results  in  Singapore  from  the  use  of  100  pounds  of  sulphate  of  ammonia,  200 
pounds  of  sulphate  of  potash,  and  300  pounds  of  superphosphate  per  acre,  and  for 
Uttar  Pradesh  suggests  the  same  elements  at  the  rate  of  1,  2  and  3  maunds,  or 
of  4  maunds  of  neem  or  castor  cake,  3  maunds  of  bone  meal  and  4  maunds  of 
wood  ash.  In  Zanzibar,  according  to  Briant  and  Tidbury  (1942)  the  application  of 
sulphate  of  ammonia  increased  the  number  of  fruits  harvested  per  acre,  both  the  total 
and  the  average  weights,  and  the  number  maturing  in  the  first  month  of  both  the 
first  and  second  canning  seasons.  Sulphate  of  potash,  and  possibly  superphos¬ 
phate,  on  the  other  hand,  depressed  the  yield  the  first  year,  but  according  to 
Tidbury  (1944)  by  the  fourth  year  potash  increased  it,  especially  when  there  was 
plenty  of  nitrogen  present.  Manure  is  good,  according  to  Barnes  (1944)  but  insuffi¬ 
cient  even  were  it  available  in  sufficient  quantity  in  Queensland.  He  recommends 
applying  water-soluble  forms  of  nitrogen,  phosphorus  and  potassium  in  the  ratio 
10  :  6  :  10,  thrown  into  the  lowest  leaves  at  the. rate  of  30  to  50  lbs.  per  1,000 
plants,  at  one  time.  Mitchell  (1950)  says  that  a  typical  programme  there  is  50 
lbs.  of  this  mixture  in  September-October  and  again  in  March-April,  with  30  lbs.  of 
ammonium  sulphate  in  December-January  and  again  in  early  May.  He  adds  that 
in  some  soils  copper  and  zinc  are  also  needed.  On  the  basis  of  experiments  on 
the  acid  sandy  soils  of  Puerto  Rico,  Schappelle  (1942)  recommends  the  application 
of  lime  to  raise  the  pH  to  5,  and  states  that  both  nitrogen  and  potassium  gave  signi¬ 
ficant  increases  in  yield  in  1 1  out  of  14  cases,  and  that  potassium  tends  to  increase 
the  sweetness.  He  says  that  the  amount  of  P,  O.,  may  be  reduced  to  50  lbs.  per 
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acre,  or  even  less,  without  greatly  affecting  the  yield.  Small  amounts  of  magne- 
sium  tended  to  increase  the  yield. 

% 

Naik  (1949)  recommends  planting  on  well  manured  soil  and  adding  25  to  50 
cartloads  per  acre  of  well-rotted  manure  in  one  or  two  applications  within  6  to  12 
months  after  planting.  Chowdhury  (1947  A)  says  that  in  Assam  manuring  is 
generally  neglected,  but  that  it  is  necessary  in  order  to  get  good  crops.  He  recom¬ 
mends  5  to  10  tons  of  rotted  cowdung  or  oil-cake  before,  or  at  the  time  of,  planting, 
and  an  application  of  30  to  40  lbs.  per  1,000  plants  of  a  10-6-10  mixture  soon  after 
planting,  with  two  or  three  more  applications  of  50  lbs.  each  during  the  year.  This 
may  be  worked  into  the  soil  around  the  plants,  but  it  is  best  to  apply  a  soluble  mix¬ 
ture  in  the  leaf  bases.  Ammonium  sulphate  is  preferred  to  nitrate.  Superphos¬ 
phate,  finely  ground  bone  meal,  basic  slag,  and  potassium  sulphate  are  said  to  have 
given  good  results. 

Irrigation  is  not  a  prominent  feature  of  the  pineapple  industry  because  of 
fairly  well-distributed  rain  in  most  countries  where  the  fruit  is  grown.  In  parts  of 
India,  however,  irrigation  is  necessary,  and  Firminger’s  Manual  states  that  it  should 
be  given  from  February  until  the  beginning  of  the  rainy  season.  In  northern  India 
it  is  desirable  to  commence  irrigation  earlier  in  the  season,  especially  in  years  of 
scanty  rainfall.  Because  of  the  very  limited  nature  of  the  roots  of  the  pineapple, 
light  and  comparatively  frequent  irrigation  is  more  efficient  than  heavy  applications. 

Planting  is  done  in  Bombay  from  September  to  November,  at  a  distance  of 
three  feet  each  way,  giving  4,850  suckers  per  acre,  according  to  Gandhi  (1949). 
They  mature  in  from  15  to  24  months  and  are  harvested  from  May  to  July,  the  first 
crop  being  10.000  to  12,000  lbs.  per  acre,  and  the  second  to  fifth  crops  being  from 
20,000  to  25,000  lbs.  A  top  dressing  of  3,500  lbs.  of  fish  manure  is  recommended 
in  two  doses,  three  and  five  months  after  planting. 

In  parts  of  Bombay,  the  industry  has  been  limited  by  lack  of  irrigation  water, 
according  to  Dhareswar  (1950)  who  suggests  a  method  of  overcoming  this  difficulty. 
In  a  20-year-old  cocoanut  plantation,  trenches  18  inches  wide  and  deep,  and  30  feet 
long  were  dug  in  one  acre  in  September  and  October,  and  left  until  the  beginning 
of  the  following  monsoon,  when  pineapples  were  planted  three  feet  apart  in  them, 
and  they  were  filled  with  organic  waste.  More  was  added  at  6-week  intervals,  for 
two  more  years.  No  manure  or'water  was  given.  The  cost  in  the  first  two  years 
was  Rs.  500,  and  the  income  Rs.  1.175.  During  the  second  season  only  the  500 
plants  which  had  previously  failed  to  flower  produced  fruit  worth  Rs.  161.  The 
third  season  the  suckers  from  the  first  crop  fruited  and  brought  in  an  income  of  Rs. 
655  with  an  expense  of  Rs.  70.  The  fruits  the  first  and  second  seasons  weighed 
3  to  5  lbs.  each,  but  those  from  the  ratoon  crop  only  2  to  4  lbs.  for  the  four  years, 
the  expenditure  was  Rs.  620  and  the  income  Rs.  1,993,  while  the  yield  of  the 
cocoanuts  increased  from  100  to  200%.  As  there  are  many  cocoanut  plantations 
in  the  area,  this  method  seems  to  offer  a  good  way  to  increase  production. 
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About  two  suckers  may  well  be  left  on  eacli  plant  for  the  ratoon  crop.  Other 
suckers  and  slips  not  needed  for  planting  should  be  removed  from  time  to  time,  as 
the  development  of  these  may  weaken  the  plant.  It  is  also  considered  good  practice 
to  earth  up  the  plants  after  the  harvesting  of  the  first  crop,  in  order  to  encourage 
the  rooting  of  the  suckers. 


As  it  is  customary  in  India  to  plant  suckers  in  the  rainy  season,  and  the  first 
crop  matures  in  from  15  to  20  months,  the  first  fruit  is  likely  to  ripen  during  the 
winter  or  spring.  Thereafter  the  main  season  is  July  and  August  from  flowers 
appearing  in  February  and  March.  The  greatest  growth  ordinarily  takes  place 
just  after  the  harvest,  but  sometimes  another  flowering  occurs  at  this  time,  resulting 
in  a  winter  crop.  This  is  undesirable,  as  the  fruits  ripening  in  winter  are  likely 
to  be  sour.  In  most  other  countries  the  pineapple  ripens  mainly  in  the  summer 
months,  but  in  Malaya  there  are  tw’o  crops,  one  in  May  and  June  and  another  in 
November  and  December,  and  a  similar  condition  exists  in  South  Africa. 


Various  methods  have  been  used  to  control  the  time  of  flowering  of  the  pine¬ 
apple,  including  smudging,  and  more  commonly  the  placing  of  a  small  amount  of 
calcium  carbide  in  the  axils  of  the  upper  leaves,  where  it  gradually  reacts  with 
moisture  to  produce  acetylene.  More  recently  plant  hormones  have  given  very 
promising  results.  Van  Overbeek  (1946)  and  Van  Overbeek  and  others 
( 1946)  report  that  in  Puerto  Rico  flowering  can  be  induced  in  any  month,  and  that 
as  the  size  of  the  fruit  depends  on  the  number  of  leaves,  it  is  possible  to  control  both 
t  le  time  of  harvest  and  the  size  of  the  fruit.  Some  flowers  were  induced  by  as  little 
as  .05  mg.  of  naphthaleneacetic  acid,  and  .25  or  .50  mg.  caused  practically  all 
plants  to  (lower  Tins  treatment  increased  the  number  of  slips  up  to  70%,  whereas 

•Tk-nSt"i"Vhe  cheaper  2’4'D  was  dually  effective  in  inducing  flowering  but 
Wit’  dt  the  formation  of  slips  and  reduced  the  average  weight  of  the  fruit,  pefhaps 

( 1949)  oundt  °h  ,  development  of  the  young  leaves.  In  Costa  Rico,  Peres 
.0015%  soluflon  oT^  4D  'T  **  ff  ”  Six  m0n,hs  by  treati"?  Pl«t»  with  a 

0*0)  ^und  alp^Llel^  1  G— 

fruit" from  Vto  U%  "onTol nl  “d  -t^oYtht 

•He  norma,  time  of  ’  harvesting  d“mZ^  ^ 

eeaults  of  applying  NA  in  the  autumn  were  even  more  '£££  w‘ n^ 


Harvesting  and  Canning 

The  immature  pineapple  fruit  containe  ,,  i*  > 

•Here  is  no  chance  of  increasing  sweetness  a  e  h"  “d  n0  Starch’ 

that  during  the  last  two  weeks  of  the  develop,,' cm  T  h"8' f  tT 

increases  from  4%  to  the  maximum,  which  ,„av  I  V  f  ’  'he  S“gar  conl 
obvious  that  harvesting  even  a  few  days  earlv  m  ,><?  “  ‘T’  aS,  15%'  11  is  * 

tent.  Fruit  picked  immaturely  also  suffers  in  n  '  Ser'°U S  y  reduce  the  sugar  c 

43  y  ners  ln  flavour  and  appearance.  If  to 


338 


FRUIT  GROWING  IN  INDIA 


consumed  or  canned  immediately,  the  fruit  may  be  allowed  to  become  fully  ripe 

before  harvesting.  But  for  shipping  it  must  he  picked  somewhat  earlier.  This 

exp  ains  in  part  the  superiority  of  some  canned  pineapple  compared  with  much 
that  is  marketed  fresh. 


There  are  several  indications  of  approaching  maturity,  the  most  important, 
perhaps,  being  the  colour.  The  dark  green  of  the  unripe  fruit  gradually  changes 
to  light  green,  then  yellow,  and  then,  in  some  cases,'  a  deep  orange.  A  greenish 
yellow  colour  may  be  taken  to  indicate  a  stage  of  maturity  which  will  yield  a  fruit 
of  satisfactory  quality.  At  the  same  time  the  fruit  becomes  less  angular  about 
the  eyes,  and  the  ends  of  the  bracts  which  project  at  the  eyes  dry  up.  Johnson  also 
recommends  snapping  the  fruit  with  the  finger  and  judging  maturity  by  the  sound. 

Yields  vary  to  a  large  extent  with  the  soil  and  climatic  conditions,  culture, 
number  of  plants  per  acre,  and  the  variety.  Ordinarily  the  first  or  plant  crop  gives 
the  highest  yield  in  Hawaii,  but  where  the  first  crop  ripens  in  winter,  and  where  the 
method  of  planting  allows  for  a  greatly  increased  number  of  fruits  in  the  ratoon 
crops,  the  first  crop  is  likely  to  be  small.  The  highest  yields  in  the  world  are 
obtained  in  Hawaii,  where  formerly  10  tons  per  acre  was  considered  satisfactory  but 
where,  with  improved  practices,  25  to  30  tons  are  expected,  and  the  maximum  may 
be  as  high  as  40  tons  in  the  plant  crop.  The  first  ratoon  may  give  20  to  25  tons, 
and  the  second  much  less.  Ordinarily  the  yield  in  one  cycle,  before  replanting  will 
be  50  to  60  tons,  with  75  tons  as  about  the  limit.  In  other  countries  an  average 
yield  is  about  10  tons  of  Smooth  Cayenne,  or  6  to  7  tons  of  Queen  or  other  smaller 
varieties.  On  account  of  the  wide  spacing  used  in  South  Africa,  yields  of  5  tons 
of  Smooth  Cayenne,  and  about  2  tons  of  other  varieties  are  recorded.  Sane  (1935) 
quotes  experimental  yields  in  one  field  in  Ceylon  for  four  years,  ranging  from  about 
4  tons  to  10,  with  an  average  of  less  than  7  tons  per  acre.  Figures  are  not  available 
for  the  different  parts  of  India,  but  as  has  been  seen,  Rao  (1946)  estimates  only  2.4 
tons  per  acre  for  the  entire  country.  Naik  (1949)  estimates  5.5  tons  in  South  India, 
with  as  mudh  as  10  tons  of  the  Kew  variety.  Chowdhury  (1947  A)  estimates  a 
yield  of  4,000  fruits  per  acre  in  Assam,  which  may  mean  nearly  9  tons.  Valuing 
the  fruits  at  two  annas  each,  he  calculates  an  income  of  Rs.  500  per  acre,  and  he 
estimates  the  cost  of  production  at  Rs.  310  per  acre.  As  has  been  seen,  Dhareswar 
(1950)  reports  an  average  profit  of  Rs.  343  per  acre  from  growing  pineapples  as 
an  intercrop  in  cocoanuts. 


The  fruit  of  the  Smooth  Cayenne  variety  may  be  rather  easily  snapped  off, 
without  damage  to  the  plant  or  fruit,  and  this  is  done  in  Hawaii.  In  some  other 
countries,  and  with  other  varieties,  it  is  preferable  to  cut  the  stem  with  a  sharp  heavy 
knife.  Sane  recommends  cutting  the  stalk  below  the  slips,  and  then  cutting  it 
again  just  below  the  fruit.  Whether  the  fruit  is  to  be  canned  or  sold  fresh,  great 
care  should  be  taken  to  avoid  bruising  it.  It  should  be  graded  and  carefully  packe 
in  boxes  or  baskets  and  taken  to  the  market  or  factory  as  quickly  as  practicable,  n 
some  countries  each  fruit  is  WraPPed  in  glazed  paper.  If  the  fruit  has  been  care- 
fully  handled,  ripe  fruit  may  be  stored  for  about  a  month  at  40  to  45  F. 
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mature  green  fruit  should  "be  held  at  50  to  60”  with  a  humidity  of  oS  to  90%. 
according  to  Rose  and  others  (1941).  In  the  cold  storage  experiments  at  Poona 
it  was  found  that  the  ripe  fruit  could  be  stored  for  a  month  at  32  to  52  K  but  that 
immature  fruit  chilled  at  temperatures  below  45°  F. 


The  quality  of  the  pineapple  depends  largely  on  the  amounts  of  sugar  and 
acid  present.  As  has  been  seen,  the  amount  of  sugar  depends  largely  on  the  ripe¬ 
ness  of  the  fruit,  but  it  also  depends  on  the  variety  and  the  conditions  under  which 
•  grown.  Johnson  quotes  analyses  of  a  number  of  varieties  in  different  countries, 
showing  the  sugar  content  to  vary  from  about  8  to  15%,  and  the  acid  from  .3  to 
.85%.  The  average  may  be  taken  at  about  12%  sugar  and  .6%  acid.  Johnson 
also  quotes  reports  that  canned  pineapple  is  an  unusually  good  source  of  vitamin 
A,  B,  and  C,  as  well  as  minerals  and  acids  which  add  to  its  value  in  the  diet.  This 
does  not  agree  with  the  report  of  Miller  and  Bazore  (1915)  that  the  Smooth 
Cayenne  is  a  poor  source  of  vitamin  A,  fair  to  poor  of  ascorbic  acid,  and  fair  of 
thiamine;  and  that  fresh  pineapple  is  low  in  phosphorus  and  iron,  and  only  a  fair 
source  of  calcium.  In  Australia  also,  the  pineapple  is  reported  less  rich  in  caro¬ 
tene  and  ascorbic  acid  than  are  most  tropical  fruits.  There  is  aho  present  in  the 
fresh  fruits,  but  not  in  the  canned  products,  an  enzyme,  bromelin,  which  digests 
protein.  Miller  and  Bazore  suggest  that  the  soreness  of  the  mouth  and  esophagus 
which  results  from  eating  some  varieties,  is  caused  by  this  enzyme  along  with  the 
acid  and  crystals  of  calcium  oxalate. 


W  hile  the  fresh  fruit  is  very  highly  esteemed,  most' of  the  crop  is  canned, 
and  the  canned  pineapple  is  also  of  very  high  quality.  The  great  centres  of  the 
canning  industry  are  in  Hawaii  and  Singapore,  and  in  neither  would  it  be  possible 
to  grow  pineapples  except  on  a  small  scale  were  they  sold  only  as  fresh  fruit. 
Crawford  (1937)  givesHigures  showing  a  10-year  average  of  nearly  nine  million 
cases,  each  containing  24  cans  of  about  two  pounds  each,  as  the  output  of  Hawaiian 
factoiies.  In  one  year  the  production  was  12,726,291  cases.  The  industry  in 
Malaga  developed  rapidly  from  about  1920  to  1935,  based  largely  on  pineapples 
grown  without  much  care  in  young  rubber  plantations.  In  1937  the  industry  turn¬ 
ed  out  two  and  a  half  million  cases,  constituting  27%  of  the  world’s  production  and 
80%  off  the  export  trade,  according  to  Courtnay  (1947).  Later  hilly  land  in  South 
Johore  was  used,  but  poor  methods  continued,  and  the  canned  pineapple 
was  of  poor  quality,  and  was  the  cheapest  canned  fruit  in  international 
trade.  Conditions  were  improving  until  the  second  world  war  almost  entirely 
stopped  both  growing  and  canning.  After  the  war  the  industry  has  been  revived. 

and  corin'  “T®  °f  I>inea|1.pleS  presenls  ™  sPe^iaI  problems  other  than  peeling 
Tinu  e  bv  J  °Per  at  a  rata  of  more  than  50  pineapples  a 

its  inventor3  ^  maChine  in  honour  "f 

all  operations  are  stil,  “ed^/"  ^ 

A  number  of  by-products  are  produced  in  the  canneries  I  ,1 

— iui- "  -“"I  “» » -  *-»i*  „  uSTu  ,h“;,  r;s 
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years  this  was  a  waste  product  of  very  little  value.  More  recently,  however,  a 
demand  for  canned  juice  has  developed  to  the  extent  that  some  fruit  has  to  be  crush-  • 
ed  to  meet  it.  Hawaii  produces  about  four  million  cases  of  juice.  The  dried 
waste,  known  as  pineapple  hi  an,  is  a  valuable  stock  feed.  Other  products  are 
alcohol,  calcium  citrate,  citric  acid,  and  vinegar.  A  very  fine  fibre  can  be  extracted 
from  the  lea\es  by  a  laborious  and  rather  expensive  process,  and  this  is  used  in  the 
Philippines  for  making  a  very  light,  rather  stiff  cloth. 

Many  vaiieties  have  been  grown  at  some  time  and  place,  and  have  been  given 
names.  Johnson  lists  about  125  names,  representing  probably  80  or  90  distinct 
varieties.  These  w’ere  divided  by  Hume  and  Miller  (1904)  into  th'ree  groups:  the 
Queen,  the  Cayenne,  and  the  Spanish.  The  last  is  a!  group  of  vigorous  varieties, 
not  of  the  highest  quality,  but  largely  ,grow7n  in  the  West  Indies  and  Florida.  Of 
all  the  varieties,  the  Smooth  Cayenne  is  by  far  the  most  important,  being  grown 
almost  exclusively  in  Hawaii,  and  to  a  considerable  extent  in  Queensland,  Malaya, 
Ceylon,  and  India.  It  is  also  called  the  Kew  and  the  Giant  Kew.  The  Queen  is 
very  important  in  South  Africa  and  Malaya,  and  along  with  a  very  similiar  variety, 
the  Ripley  Queen,  in  Java  and  India.  The  Red  and  Green  Ripley  are  other  mem¬ 
bers  of  the  Queen  group  grown  in  India.  The  Red  and  Yellow  Mauritius,  grown 
in  Ceylon  and  elsewhere,  are  members  of  the  Spanish  group. 

In  India,  as  in  many  countries,  types  of  distinctly  inferior  value  wTere  early 
introduced,  and  are  still  grown  to  a  considerable  extent.  Dhareswar  (1950)  says 
that  in  Bombay  80  or  90  varieties  are  grown  but  that  the  Kew  and  Queen  are  pre¬ 
ferred.  Chowdhury  (1947  A)  says  that  in  Assam  the  Giant  Kew  is  the  most 
popular,  being  a  large  fruit  averaging  6  lbs.,  with  fruits  weighing  10  to  15  lbs. 
commonly,  and  occasionally  up  to  22  lbs.  Second  in  importance  is  the  Queen  with 
fruits  of  excellent  quality  weighing  3  to  5  lbs.  The  Joldhup  is  a  smaller,  very 
inferior  local  variety  grown  on  a  large  but  rapidly  decreasing  area  in  Sylhet  district. 
Naik  says  that  in  the  South  the  leading  variety  is  called  Kew  or  Giant  Kew,  but  is 
different  from  the  variety  grown  under  that  name  in  Assam.  It  produces  fruits 
weighing  from  8  to  16  lbs.  Second  in  importance  is  the  Mauritius,  weighing  3  to 
5  lbs.,  while  the  Queen,  considered  to  have  the  best  taste,  is  smaller,  the  crop  at  one 
station  in  Mysore  averaging  just  more  than  a  pound  each. 

The  confusion  concerning  the  Kew7  in  Assam  and  South  India  may  be 
explained  by  the  statement  of  Collins  (1951)  that,  the  present  Cayenne  is  a 
miscellaneous  collection  of  clones.’  He  also  says  that  this  group  is  highly  hetero 
zygous  and  exhibits  hybrid  vigour. 

Some  hybrids  have  been  produced  in  an  effort  to  secure  even  better  varieties, 
and  some  of  these  show  considerable  promise.  Mutations  occur  fairlv  common  y, 
and  may  present  an  opportunity  for  selection,  but  for  the  most  part  they  mere  y 
present  a  problem,  for  if  they  are  not  carefully  excluded  in  selecting  planting 

material,  undesirable  types  may  be  multiplied. 

Sane  (1935)  is  able  to  dismiss  the  subject  of  pests  and  diseases  of  the  pine 
apple  in  India  with  one  sentence,  to  the  effect  that  there  is  none  which  is 
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In  this,  the  state  is  fortunate.  It  is  not  surprising  that  under  the  intense  cultivation 
of  Hawaii,  the  enemies  of  the  pineapple  are  legion.  Nematodes  of  the  species 
Heterodera  radicola  ( marioni )  cause  very  serious  loss,  and  can  be  partially  con¬ 
trolled  by  treating  the  soil  before  planting,  with  chloropicrin  gas.  This  is  an  ex¬ 
pensive  treatment,  but  seems  to  have  other  beneficial  results,  producing  improved 
growth  and  yield.  Several  species  of  mealy  bugs,  particularly  Pseudococcus 
brevipes,  cause  the  plants  to  lose  chlorophyl  and  turn  a  reddish  yellow.  They  can  be 
controlled  by  spraying  with  oil  emulsion.  Other  insect  pests  include  the  pine¬ 
apple  scale,  Diaspis  bfpmeliae;  and  the  pineapple  mite,  Stigmaeus  floridanus,  and 
other  mites. 


Pineapple  diseases  in  Assam  have  been  described  by  Chowdhury  (1945  A,  B, 
1946).  Leaf-rot,  base-rot,  and  fruit-rot  occur  throughout  the  growing  area,  and  are 
caused  by  Ceratostomella  ( Thielaviopsis )  parcidoxa.  They  are  reported  to  be  very 
serious  in  Java,  and  to  occur  in  Gorakhpur  district  of  Uttar  Pradesh,  and  in  other 
countries.  In  Assam  the  leaf-spot  is  negligible,  but  the  base-rot  destroys  4*  to  10% 
of  the  plants,  and  the  fruit  rot  3  to  15%  of  the  fruits,  more  of  them  in  transport  and 
storage  than  in  the  field.  Suckers  affected  with  the  disease  fail  to  grow.  The 
fungus  is  a  facultative  parasite,  lives  over  on  trash  in  the  soil,  and  is  disseminated 
by  insects,  wind,  men,  and  planting  material.  Heart  or  stem-rot,  caused  by 
Phyla  phthora  parasitica  is  highly  sporadic,  some  fields  being  free  and  some  with 
7  to  25%  of  the  plants  affected.  Although  not  reported  from  other  parts  of  India, 
it  is  common  in  other  countries.  It  causes  a  slight  wilting  and  twisting  of  the 
leaves,  discolouration,  and  sometimes  the  disintegration  of  the  stem.  Control 
measures  include  good  drainage,  careful  handling  to  avoid  wounding  the  planting 
material,  and  dipping  this  material  in  1-1-3  Bordeaux  mixture.  A  strain  of  the 
same  fungus  causes  wilt,  which  is  invariably  associated  with  rotting  of  the  roots.  It 
occurs  in  certain  parts  of  Assam  only,  though  a  similar  disease  caused  by  P.  cinno- 
moni  occurs  in  Queensland.  The  disease  is  prevalent  in  the  rainy  season,  especially 
if  the  rains  are  excessive.  Plants  a  year  or  two  old  are  most  susceptible,  and  while 
they  may  take  months  to  die,  any  fruit  present  fails  to  develop  properly. 


Among  the  serious  diseases  in  other  countries  are  the  yellow  spot  disease 
caused  by  a  v.rus  which  is  spread  by  thrips;  a  root  rot  caused  by  Py Mum  aphanider- 

malum;  heart  rot  caused  by  three  species  of  Phylophthora ;  and  root  diseases  caused 
by  species  of  V erticillium,  Fusarium,  and  Rhizoctonia. 


Chapter  xxiv 
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fruits  there  is  extensive  literature,  mainly  in  other  countries,  while  about  others 

very  little  has  been  written.  Often  there  is  little  scientific  experimentation  on  which 
to  base  a  discussion. 

The  Pomegranate 

Grown  all  over  India,  fiom  Kashmir  to  Madras,  the  pomegranate  is  nowhere 
of  much  commercial  importance.  Its  popularity  is  due  in  part  to  the  ornamental 
character  of  the  tree,  especially  when  bearing  bright  red  flowers,  as  it  is  much  of  the 
year.  It  is  thought  to  be  indigenous  to  the  region  of  Iran  where  it  was  first  culti¬ 
vated  in  about  2,000  B.C.,  according  to  Evreinoff  (1949),  but  it  spread  to  the 
Mediterranean  countries  at  a  very  early  date.  The  Romans  received  it  from  Car¬ 
thage,  whence  the  name  of  the  genus,  Punica.  Some  botanists  place  it  in  the 
family  Lythraceae,  but  because  of  the  peculiar  type  of  fruit,  called  a  balausta,  most 
authorities  make  it  the  only  genus  in  the  family  Punicaceae.  There  are  only  three 
or  four  species,  of  which  the  comon  edible  pomegranate  is  P.  granatum. 

The  pomegranate  is  of  considerable  importance  in  the  Mediterranean  coun¬ 
tries,  where  about  5,000  acres  are  grown  in  Spain.  Evreinoff  (1949)  says  that 
Morocco,  with  670,000  trees,  is  the  largest  producer.  There  are  a  few  hundred 
acres  in  California,  and  scattered  plantings  in  other  places  where  the  climate  is 
suitable.  Gammie  and  Patwardhan  (1929)  reported  1,451  acres  in  Bombay,  more 
than  half  in  Poona  district,  and  by  1937  this  had  increased  to  2,088,  but  the  acreage 
fell  again  immediately,  and  in  1948  was  only  1,243.  Chand  (1943)  reports  250 
acres  in  Uttar  Pradesh.  Naik  (1949)  reports  only  about  100  acres  in  South  India, 
although  the  pomegranate  succeeds  in  all  parts,  up  to  an  elevation  of  about  6,000 
feet. 

Although  pomegranates  of  high  quality  can  be  grown  only  where  there  is  a 
cool  winter  and  a  hot,  dry  summer,  the  tree  grows  under  a  wide  range  of  climatic 
conditions.  It  can  stand  considerable  frost,  but  is  injured  by  temperatures  below 
about  12°F.  Where  the  winter  is  cool,  the  tree  is  deciduous,  but  on  the  plains  of 
India  it  is  evergreen  or  partially  deciduous.  It  does  well  under  the  same  condi¬ 
tions  as  the  date,  and  to  produce  sweet  fruit  requires  about  as  much  summer  heat. 
It  is  very  drouth-resistant,  but  does  not  bear  well  without  irrigation.  On  the  other 
hand,  it  will  flourish  on  land  too  w^et  for  many  crops. 

As  regards  soil  requirements,  it  is  not  particular,  though  it  is  thought  that  a 
heavy  loam  is  favourable  to  the  production  of  fruit  of  high  quality.  It  is  more 
tolerant  of  alkali  than  most  fruit  trees. 

Cuttings  are  almost  universally  used  for  propagation,  as  they  root  readily  and 
seedlings  vary  widely  and  are  unsatisfactory.  Mature  wood  is  cut  into  pieces 
about  9  to  12  inches  long  which  are  planted  so  that  not  more  than  one-third  of  the 
cutting  is  exposed,  and  in  some  places  the  entire  cutting  is  lightly  covered.  Barakzai 
(1920)  says  that  the  lop  is  covered  with  cowdung  to  avoid  drying.  Layering  may 
be  used,  and  grafting  has  been  tried  in  an  attempt  to  induce  impoited  varieties  to  do 
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well  at  Poona  but  the  local  rootstock  seems  to  be  of  no  advantage.  Cuttings  are 
ready  for  planting  in  the  orchard  after  a  year  or  two.  Propagation  in  South  India  is 
mostly  by  seed,  according  to  Naik  (1949),  who  favours  the  use  of  cuttings.  Desai 
(1950)  says  that  seeds  are  used  mainly  in  Dholka,  in  Ahmedahad  district,  also,  and 
that  by  taking  seed  from  choice  fruits  the  fine  quality  for  which  the  place  is  famed 
is  maintained. 

When  pomegranates  are  planted  in  orchard  form,  they  should  probably  he 
planted  from  15  to  20  feet  apart,  but  closer  planting  is  common.  Barakzai  (1920) 
reports  that  they  are  planted  12  feet  apart,  and  Gadgil  and  Gadgil  (1933)  say  that 
around  Poona  they  are  planted  at  the  rate  of  400  per  acre,  which  would  mean  about 
10g  feet  apart.  Desai  (1950)  says  that  at  Dholka  two  seedlings  about  one  year 
old  are  planted  in  a  pit  to  which  60  to  80  lbs.  of  farmyard  manure  has  been  added, 
the  pits  being  18  to  20  feet  apart.  After  they  begin  bearing  after  two  years,  the 
soil  is  removed  to  a  depth  of  6  to  8  inches  in  an  area  5  feet  around  the  trunk,  and 
60  to  80  lbs.  of  manure  is  added,  and  the  process  repeated  about  12  times  during  the 
year.  This  treatment  is  said  to  produce  60  to  80  pounds  of  fruit  per  tree  for  about 
20  years,  ripening  from  April  to  June.  In  some  places  the  trees  are  placed  close 
together  as  a  hedge  around  the  orchard. 

The  plant  may  be  left  unpruned,  pruned  to  bush  form  with  three  or  four 
main  stems  rising  from  the  ground,  or  pruned  to  a  single  stem  which  is  generally 
allowed  to  form  a  rather  low  head.  The  plants  are  left  unpruned  when  an  impene¬ 
trable  hedge  is  desired.  If  either  the  bush  or  tree  form  is  used,  it  is  necessary  to 
remove  the  suckers  which  continually  arise  from  the  roots,  trunk  and  main  branches, 
especially  during  the  first  few  years.  Aside  from  that  the  only  pruning  which  seems 
desirable  is  the  shortening  of  long  slender  branches,  some  thinning  out  when  the 
plant  becomes  too  thick,  and  the  removal  of  very  low  branches.  Naik  (1949) 

recommends  the  removal  of  suckers,  annual  shortening  of  the  past  season’s  growth, 
and  thinning  of  the  congested  parts. 


There  are  many  types  and  varieties,  some  much  better  than  others.  A  white- 
flowered  type  is  known,  but  is  of  very  poor  quality.  There  are  also  ornamental 
types  with  double  flowers,  which  are  largely  sterile,  and  are  not  grown  for  fruit 
All  varieties  produce  some  sterile  flowers.  The  fruit  varies  from  a  pale  yellow 
to  purple  and  the  juicy  pulp  in  the  arils  from  almost  colourless  to  blood-red  The 
darker  coloured  fru.ts  are  more  attractive,  but  not  necessarily  of  better  quality 
Thequal.ty  depends  largely  on  the  amounts  of  sugar  and  acid  present  in  the  juice' 
Sugar  vanes  from  about  12  to  16%,  and  acid  from  1.5  2.5%  in  „ood  varieties 

grown  in  and  regions.  In  humid  areas,  both  are  likely  to  be  less  There  •  1 

much  variation  in  the  seeds,  some  being  soft  enough  to  iV.  „i  j  ,  3  S° 

hard.  Barakzai  (1920)  names  ,2  vaLties^ Tomto^  row^ kZ  "f 
mg  to  Naik  (1949)  the  most  promising  varieties  are  Pane  Qi  n  accord' 

Musket  Red,  and  Vellodu.  '  aper  She11’  SPanish  Rul>y, 

The  only  serious  pest  is  the  pomegranate  butterflv  • 

lays  its  eggs  on  the  flower  or  young  fruit  On  bat  h*'  ’  i  °  lS°Crates>  which 

>  g  iruit.  On  hatching,  the  caterpillar  enters  the 
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fruit  and  ruins  it.  The  only  successful  method  of  control  which  has  been  worked 
out  is  the  bagging  of  the  flowers  or  young  fruits  after  wiping  them  to  make  sure 
there  aie  no  eggs  present.  This  is  reported  to  be  an  economical  method  in  Bom- 
bay  (Anon.,  1927  A)  but  obviously  involves  muchl  labour,  and  has  the  disadvantage 
of  lessening  the  colour  of  the  rind.  Clipping  the  calyx  cup  after  the  petals  fall 
and  spraying  with  calcium  arsenate  has  been  recommended  in  Madras  (Naik 
1949).  The  bark-eating  caterpillar  also  does  considerable  harm.  Janjua  and 
INasir  (194/)  report  that  in  Afghanistan  and  Baluchistan  the  larvae  of  Euzophera 
pumcella  attack  the  young  fruits,  making  them  unfit  for  consumption.  They  sug¬ 
gest  that  fruits  from  those  countries  are  frequently  infected,  and  should  be  exam¬ 
ined  to  prevent  the  spread  of  the  pest.  Leaf  and  fruit  spots  also  occur  in 
Madras,  caused  by  species  of  Cercospora  and  Gleosporium,  which  may  be  con¬ 
trolled,  where  necessary,  by  spraying  with  Bordeaux.  In  Bombay  a  disease  caused 
by  Phomopsis  versoniana  is  said  to  follow  damage  by  the  butterfly. 

A  species  of  Phomopsis  seems  to  be  responsible  for  a  disease  reported  by 
Mehta  (1951)  to  cause  an  almost  total  loss  of  the  fruits  on  unsprayed  trees  in 
Bulandshahr  district.  The  immature  and  semi-mature  fruits  rot.  Spraying  with 
Perenox  checked  the  disease  to  a  considerable  extent. 


Squirrels  are  fond  of  the  fruit,  and  eat  out  the  insides,  leaving  only  the 
rind  hanging  on  the  tree.  Pigs,  porcupines,  and  birds  are  also  listed  by  Desai 
(1950)  as  causing  serious  damage.  Another  difficulty  is  the  tendency  of  the  fruit 
to  crack  open.  This  is  thought  to  be  encouraged  by  poor  irrigation  practice,  al¬ 
lowing  the  ground  to  become  too  dry  and  then  irrigating  when  the  fruit  is  ripen¬ 
ing.  Early  harvesting  helps  to  avoid  the  loss  which  results  from  cracking. 


Pomegranates  are  used  very  largely  as  a  desert  fruit.  The  juice  makes  a 
delicious  drink,  but  as  the  rind  and  carpellary  membranes  contain  tannin,  it  is 
difficult  to  extract  the  juice  without  getting  more  tannin  into  it  than  is  pleasant. 
This  can  be  avoided  by  allowing  the  fruit  to  shrivel  before  crushing,  or  by  adding 
gelatin  to  absorb  the  tannin.  Siddappa  (1943)  found  that  when  the  whole  fruit 
was  cut  and  pressed,, the  juice  contained  .175%  tannin,  but  when  the  grains  were 
separated  and  pressed,  an  operation  involving  considerable  loss,  the  tannin  in  the 
juice  was  only  .120%.  In  one  good  variety  the  juice  was  40.1%  of  the  entire 
fruit  and  total  solids  varied  from  17.3  to  18.5%  of  the  juice,  acids  running  from 
81  to  1  23%  as  citric  acid.  He  produced  bottled  juice  of  satisfactory  quality  by 
heating  it  to  175  to  180°F.,  cooling  it  quickly  and  after  allowing  it  to  stand  over- 
night,  decanting  or  filtering  it.  After  filling  the  bottles,  they  may  be  pasteurized 
at  175  or  180°F.  for  30  minutes.  Or  the  juice  may  be  preserved  by  using  sodium 
benzoate.  He  also  reports  a  successful  syrup  made  by  adding  sugar  and  aci  , 
and  a  product  known  as  ‘anar  rub’  with  fairly  good  keeping  qualities,  made  by 
concentrating  the  juice  with  added  sugar  until  it  has  a, total-solids  content  o 
to  80%.  At  pre-war  prices,  a  bottle  of  juice  cost  about  7  annas  to  prepa  e 
„,d  f0r  8  to  10  annas  The  rind,  which  is  used  in  tanning,  and  the  seeds  winch 
dried  and  used  in  cooking,  are  bye-products.  An  attract.ve  jelly  is  also  made. 
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The  average  yield  is  given  by  Barakzai  as  70  fruits  weighing  about  half  a  pound 
each,  while  Gadgil  and  Gadgil  place  the  yield  at  /5  to  100  fiuits. 

The  Jujube 

The  jujube  (her,  bor)  is  one  of  the  most  common  wild  fruit  trees  in 
India,  and  is  cultivated  to  a  small  extent.  Statistics  are  lacking  for  most  of  the 
country,  but  Baroda  (Anon.,  1940  B)  is  reported  to  have  about  2,220  acres  and 
Chand  (1943)  reports  579  acres  in  Uttar  Pradesh.  Gokhale  (1944)  states  that  in 
the  village  of  Bina,  near  Kamptee  there  are  from  40,000  to  42,000  budded  plants, 
which  would  amount  to  about  800  acres.  This  industry  is  said  to  have  started 
when  a  Moslem  cultivator  won  an  inarn  by  presenting  fruits  from  a  budded  plant 
to  Raja  Raghoji  Bhonsle  II.  Naik  (1949)  says  that  a  few  years  ago  there  were 
more  than  500  acres  of  superior  varieties  in  Madras,  but  that  because  of  damage 
by  fruits  flies,  the  area  has  been  decreasing.  Most  of  the  seedling  trees  bear  small 
fruits  of  poor  quality,  but  there  are  a  number  of  superior  varieties.  These  .are 
very  popular,  but  sell  at  low  prices,  and  are  considered  a  ‘poor  man’s  fruit’. 


The  classification  of  the  jujubes  is  confused,  and  this  has  led  to  much  con¬ 
fusion  about  the  nature  and  culture  of  the  fruit.  One  type  of  jujube  has  been 
grown  in  China  for  at  least  4.000  years,  and  is  considered  one  of  the  five  most 
important  fruits  in  that  country.  There  are  said  to  be  some  400  varieties  of  it, 
some  of  them  seedless.  This  Chinese  jujube  is  a  small,  upright  tree  with  glabrous 
bright  green  leaves.  It  is  deciduous  and  is  said  to  start  growth  late  enough  in  the 
spring  to  avoid  danger  of  frost.  The  tree  can  stand  temperatures  as  low  as  13°F. 
It  flowers  in  the  spring  and  the  fruit  ripens  in  the  autumn.  There  seems  to  be 
agreement  in  calling  this  fruit  Zizyphus  jujuba,  of  the  family  Rhamnaceae.  The 
Indian  jujube  differs  in  many  ways.  The  tree  is  spreading,  and  the  branches  are 
almost  vine-like.  The  leaves  are  a  darker  green,  and  are  densely  tomentose  on 
the  under  side.  The  flowers  are  borne  in  the  autumn  and  the  fruit  ripens  in  the 
nter  or  early  spring.  If  the  tree  is  deciduous  at  all,  it  is  in  the  hot  weather 

.Cr°P  haS  bee"  harvasted-  11  much  less  frost  than  the  Chinese 

)7).,  ,  "  “P1,e.  °f  ,hf  ^rences,  most  Indian  authorities  refer  to  this  also  as 

but  are  Ll  ,reig^aU,  uSenera,ly  C'aSS!fy  ,he  Indian  iuiube  Z.  mauritiana, 
cies  This  ^  A  lber,e,SeemS  ,0  be  litt,a  ^rence  between  the  two  spe- 

area  stLthiTeT  ‘Vti  7  T  M°rt°n  (1946>  ‘°  ba  -Venous  to  the 

Z  iuM  7  '°  S°Uthweste™  China  and  Malaya.  Synonyms  for 

L'  jujuba  are  Z.  vulgaris  and  7  wtinn  H  •  -i  i  ,  y  y  or 

are  sometimes  applied  to  ,  ,h  A  ‘  ‘S  P°SS,ble  ,bat  some  °f  these  names 

wild  iuiube  Z  u  d  Specles-  Gram  a"d  Williams  (1936)  refer  to  a 

though  the  li  i"'  °Ver  BUrma’  bUt  rare,y  in  gardens,  ah 

Randhawa  O^^l^wh^statT  tha^Lmnarcl^calle^lTh  'l  f  “ .  b\Chatter i-  a"d 
that  name  had  been  applied  hy  Miller  to  the  Cl  '  d’an  )U,Uhe  after 

the  name  mauritiana  for  the  Indian  species  ‘  5'>eC‘eS'  La,mrck  a,so  U5ed 
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Chinese  jujubes  are  said  to  have  reached  Rome  toward  the  end  of  the  reign 
of  Augustus  (B.C.  63  to  A.D.  14),  from  Syria,  and  they  have  become  fairly  com¬ 
mon  in  the  Mediterranean  region.  Oppenheimer  (1947)  says  they  have  grown 
wild  in  Palestine  for  hundreds  of  years,  but  that  it  is  not  known  whether  they  are 
truly  wild  or  have  escaped  from  cultivation.  About  100  acres  are  cultivated,  with 
about  400  trees  per  acre,  and  the  dried  fruits  are  sold  locally  and  exported.  The 
Indian  species  was  introduced  in  1939,  grew  well  but  set  little  fruit  all  of  which 
dropped  before  maturity  because  badly  infested  by  the  fruit  fly.  The  trees  were  dis¬ 
carded^  as  a  menace  to  the  adjacent  trees  of  Z.  jujuba.  The  Chinese  jujube 
is  reported  by  Evreinoff  (1945)  to  thrive  in  the  south  of  France,  but  there  it  does 
not  flower  until  June  or  July,  compared  with  March  or  April  in  Palestine. 
Samsurin  (1947)  refers  to  the  same  species  near  Samarkand,  and  says  that  the 
leaves  contain  a  glucoside  which  temporarily  inhibits  the  capacity  of  one  who 
chews  them  to  taste  sweetness.  Both  species  have  been  introduced  into  the  United 
States,  where  the  Chinese  jujube  is  preferred  except  in  the  warmest  part  of 
Florida.  Jujubes  are  grown  to  a  slight  extent  in  other  subtropical  countries,  but 
nowhere  else  do  they  have  the  importance  they  enjoy  in  China  or  even  India, 

Seedling  trees  constitute  the  bulk  of  the  jujubes  grown  in  India,  and  bear 
very  large  crops  of  small  fruits,  5  to  10  thousand  per  tree  per  annum  being  com¬ 
mon,  according  to  Naik.  Vegetative  propagation  of  superior  varieties  is  the  most 
important  step  in  improving  the  industry.  The  statement  is  sometimes  made  that 
budding  the  jujube  is  difficult,  but  this  seems  to  apply  only  to  the  Chinese  type, 
which  is  said  to  be  propagated  by  grafting,  toot  cuttings,  or  suckers.  Fortunately, 
Indian  jujubes  are  fairly  readily  budded.  Ring  budding  has  been  used  for  a  long 
time.  Vagholkar  (1916)  reports  that  this  method  gave  up  to  60%  success  in  top¬ 
working  wild  plants.  Shield  budding  seems  to  be  at  least  as  satisfactory,  and  is 
easier,  especially  if  the  bud  wood  has  to  be  transported  for  some  distance,  so  that 
it  dries  out  enough  to  prevent  the  bark  from  slipping  easily.  It  is  considered  best 
to  plant  seed  where  the  plants  are  desired,  and  to  bud  in  place,  as  the  plants  do 
not  stand  transplanting  very  well.  Gokhale  (1944)  states  that  transplanting  is 
impossible  unless  the  seedling  is  raised  in  a  pot,  which  is  not  desirable,  and  rec¬ 
ommends  planting  two  seeds  at  a  place,  and  shield  budding  the  better  one  at  *  e 
age  of  about  18  months.  Such  plants  bear  in  the  second  or  third  year.  Ihe 
seed  is  slow  in  germinating  unless  the  seed  coat  is  cracked,  filed,  or  treated  wit 
acid.  Naik  says  that  seedlings  of  Z.  mauritiana,  Z.  rotundifolia,  Z.  oenoplia,  or 

Z.  rugosa  may  be  used  as  roptstocks. 

Considerable  progress  has  been  made  in  top-working  seedling  trees  grow 
ing  wild  or  in  gardens  or  along  fields  in  several  parts  of  the  country.  In  Gutarat 
(Anon.,  1927)  success  was  reported  on  wild  bushes  of  the  species  Z.  romn  i/o  ?o  as 
well  as  trees  of  the  ordinary  jujube,  though  the  former  produced  only  bushes  o  ie 
good  varieties  to  which  they  were  budded.  The  plants  were  headed  back  to  a  toot 
above  the  ground  in  February  or  March  and  the  budding  was  done  about  w 
months  later.  It  is  not  clear  whether  this  wild  bushy  species  is  different  rom 
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mummularia  which  H.  Singh  (1945)  ^identifies  as  the  jharberi,  a  common  pest  of 
fields.  In  the  Punjab  (Anon.,  1934  B),  it  was  first  recommended  that  trees  be  he 
ed  back  3  to  5  feet  from  the  ground  in  December,  and  budded  in  April  or  in  Ju  y 
or  August.  Later  Das  (1937)  said  that  the  budding  could  be  done  either  in 
March  or  April  or  in  August  or  September.  The  Department  of  Agriculture  made 
a  campaign  to  secure  top-working,  and  according  to  L.  Singh  (1940)  about  50,000 
trees  were  top-worked,  free  of  cost  to  the  growers,  during  the  period  1935-39.  Top- 
worked  trees  make  a  remarkably  rapid  growth  and  bear  some  fruit  the  first  year, 
even  if  the  seedling  tree  is  headed  back  to  the  ground. 

In  an  experiment  with  wild  jujube  plants  in  the  sub-Himalayan  jungles  of 
Uttar  Pradesh,  L.  B.  Singh  (1952)  secured  95%  success  in  June,  but  only  13%  in 
July  and  5%  in  August.  When  budding  was  done  2  ft.  from  the  ground,  damage 
was  caused  by  grazing  animals,  and  at  6  ft.  by  storms.  He  recommends  budding 
at  4  ft.  from  the  ground  under  such  conditions. 

Almost  any  agricultural  soil  seems  suitable  for  the  jujube,  which  can 
withstand  moderate  amounts  of  alkali.  It  will  stand  extreme  drought  and  also 
water-logging.  Ordinarily  very  little  care  is  given  to  the  tree,  but  Barakzai  (1920) 
stresses  the  importance  of  irrigation  during  the  time  the  fruit  is  developing  and  of 
manuring.  He  says  that  in  common  practice  about  four  pounds  of  salt  is  given 
to  each  tree  annually,  along  with  manure.  Gokhale  (1944)  however,  does  not  consider 
either  irrigation  or  manuring  necessary,  although  he  considers  an  application  of 
three  or  four  baskets  of  farmyard  manure  per  tree  desirable.  If  the  trees  are 
grown  in  orchards,  ordinary  tillage  and  other  cultural  operations  are  probably 
desirable,  although  Popenoe  (1920)  quotes  Meyer  to  the  effect  that  this  is  the  one 
tree  which  the  Chinese  do  not  cultivate,  as  it  does  just  as  well  without  tillage. 

i 

Pruning  is  highly  desirable.  Growth  is  vigorous,  and  the  long,  slender 
branches  bend  badly  or  break  under  the  heavy  loads  of  fruit  which  they  begin  to 
bear  at  a  very  early  age.  It  is  therefore  necessary  to  form  a  strong  framework, 
which  involves  heading  back  the  branches.  Some  thinning  out  is  also  necessary 
to  avoid  crowding.  The  trees  can  stand  very  heavy  annual  pruning  and  still  bear 
heavy,  crops.  Gokhale  considers  that  in  order  to  get  a  profitable  crop,  it  is  neces¬ 
sary  to  prune  the  trees  annually,  removing  all  growth'  less  than  half  or  three 
quarters  of  an  inch  in  diameter.  This  heavy  pruning  may  be  given  just  after 
harvest,  and  another,  lighter  pruning  shortly  before  flowering  commences. 

There  ^considerable  question  as  to  the  best  spacing  for  jujubes,  but  from 
30  to  40  feet  is  probably  not  too  much,  if  the  trees  are  to  be  allowed  to  spread  to 
their  maximum  size.  Naik  recommends  35  to  40  feet  for  budded  plants.  Khare 
(1923)  refers  to  the  mention  by  Watt  of  one  tree  in  Madhya  Pradesh  which  was 
oO  eel  high  with  a  girth  of  10  feet,  9  inches,  5  feet  from  the  ground.  The  spread 
of  the  branches  was  not  given.  Closer  planting,  will,  heavy  pruning  to  prevent 
crowding,  may  prove  economical. 

The  most  serious  pest  of  the  jujube  in  India  is  the  fruit  fly,  Carpomym 
vauvuma.  It  occurs  all  over  India,  and  in  the  Mediterranean  countries,  and  causes 


34 8 


FRUIT  GROWING  IN  INDIA 


great  damage.  The  fly  lays  her  eggs  beneath  the  surface  of  the  immature  fruits, 
lhey  hatch  in  2  or  3  days,  and  the  maggots  feed  on  the  pulp  for  9  to  12  days, 
emerge  and  fall  to  the  ground  where  they  pupate  in  the  top  2  or  3  inches.  This  stage 
may  be  only  12  days,  but  in  the  case  of  the  last  of  several  broods  during  the  fruit¬ 
ing  season,  some  pupae  may  remain  more  than  300  days  and  emerge  in  the  next 
season.  This  seems  to  be  necessary,  as  there  is  no  alternative  host.  There  seems  to 
be  considerable  difference  in  the  resistance  of  trees  to  the  pest,  or,  at  least,  in 
attractiveness,  as  Cherian  and  Sundaram  (1941)  report  that  in  some  trees  as  few  as 
2%  of  the  fruits  were  infested  while  on  neighbouring  trees  every  fruit  had  been 
attacked.  Khlare  (192b)  found  that  the  flies  preferred  the  larger,  sw'eeter  fruits. 
Naik  also  reports  that  the  two  best  varieties  in  Madras  are  highly  susceptible.  Rak- 
ing  the  soil  under  the  trees  to  destroy  the  pupae  has  been  found  a  more  nearly 
satisfactory  method  of  control  than  poisoned  molasses  spray  or  other  methods. 
Certain  parasites  are  commonly  present,  but  do  not  seem  to  reduce  the  numbers 
greatly.  The  bark-eating  caterpillar,  which  is  a  pest  on  many  trees,  also  causes 
considerable  damage  to  the  jujube. 

The  use  of  DDT  against  the  fruit  fly  and  also  against  a  less  dangerous  pest, 
the  small  caterpillar  of  Meridarches  scyrodes  which  also  bores  into  the  fruit,  is 
recommended  by  Ramachandran  (1951).  , 


Most  jujubes  are  regular  and  heavy  bearers.  Barakzai  gives  the  yield  at  from 
5,000  to  30,000  fruits  per  tree,  and  says  that  the  value  of  the  crop  is  as  many  rupees 
as  the  years  of  the  age  of  the  tree.  Ram  (1941)  reports  that  at  Lyallpur  58  trees, 
planted  10  feet  apart  as  a  wind-break,  and  heavily  pruned  for  scion  wood,  yielded 
nearly  82  maunds  which  sold  for  Rs.  200.  This  bears  out  his  statement  that  the 
jujube  is  proving  commercially  profitable.  Gokhale  is  less  encouraging,  estimating 
a  yield  of.  one  to  one  and  a  half  maunds  per  tree,  worth  about  two  annas  a  seer,  so 
that  the  crop  is  worth  five  or  six  rupees  a  tree,  or  Rs.  240  to  Rs.  290  per  acre. 
Because  of  the  low  cost  of  caring  for  the  trees,  even  these  figures  indicate  a  fair 
profit.  Naik  says  that  the  best  variety  in  South  India  yields  about  175  lbs.  per 
tree  per  annum  of  fruits  running  about  30  to  the  pound,  while  another  variety, 
second  in  flavour,  is  larger,  averaging  20  to  the  pound.  In  India  almost  the  entire 
crop  is  eaten  fresh,  but  in  other  countries  several  products  are  made.  Candied 
jujubes  are  considered  excellent  and  have  been  made  successfully  in  the  Punjab 
(Anon.,  1939).  In  Burma  the  fruits  are  dried  and  made  into  jam  or  powdered 
and  mixed  with  molasses  or  jaggery,  or  the  powdered  fruit  is  made  into  a  drink. 
Morton  and  Morton  (1946)  say  that  the  unripe  fruits  of  the  Indian  jujube  ma  e 
an  excellent  jelly,  but  experiments  at  Allahabad  have  yielded  only  a  sticky  syrup 
unless  some  other  fruit  was  added.  Dried  Chinese  jujubes  are  said  to  resemble 
dates,  and  are  sometimes  called  Chines^  dates.  The  sugar  content  of  ines 
jujubes  is  quoted  by  Popenoe  (1920)  as  21.66%  while  Stahl  (1935)  reports 
Indian  jujubes  in  Florida  running  from  about  10%  lo  K%-  Li  an  ® 
(1947  1948)  say  that  the  Chinese  jujube  is  a  rich  source  of  ascorbic  , 
fruits  of  the  Mien  variety  containing  from  383  to  505  mg.  per  100  g.  o  pu  p,  an 
the  Tou  variety  about  391.  Reed  (1946)  says  that  by  adding  the  proper  amount 
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of  pectin  and  acid  to  this  fruit  or  by  mixing  it  with  other  fruits,  a  good  jelly  can  be 
made  which  retains  a  fairly  large  amount  of  ascorbic  acid. 


r 

The  Sapodilla  or  Sapota 


In  tropical  America,  where  the  sapodilla  is  indigenous,  it  is  one  of  the  best 
fruits,' and  is  largely  cultivated  as  well  as  growing  wild.  Several  of  its  too  numerous 
names,  sapodilla,  sapota,  zapote,  and  chiku  (chikku,  chikoo,  chico)  are  obviously 
derived  from  the  native  term  tzicozapotl.  ‘Sapota’  is  commonly  used  in  India,  but 
has  the  disadvantage  of  similarity  with  the  name  ‘sapote’  which  is  applied  to  a 
number  of  fruits.  ‘Naseberry’  or  ‘Neesberry’.  derived  from  the  Spanish  name  of  an¬ 
other  fruit,  is  also  used,  as  are  ‘dilly’  and  ‘bully  tree’  which  are  applied  to  several 
species  of  the  family,  the  Sapotaceae.  The  botanical  nomenclature  is  also  confused. 
The  sapodilla  is  called  Achras  zapota,  A.  sapota,  Sapota  achras,  S.  zapotilla,  and 
Manilkara  zapotilla.  Achras  zapota  is  also  used  for  another  fruit,  the  sapote  or  mar¬ 
malade  plum  which  enjoys  the  distinction  of  having  been  placed  in  four  genera. 


1  he  sapodilla  is  at  its  best  in  a  strictly  tropical  climate,  and  is  grown  all 
around  the  world  where  conditions  are  suitable.  In  India  it  is  limited  largely  to 
Bombay,  where  300  acres  were  reported  in  1948,  Madras,  and  Bengal,  and  does 
better  near  the  coast  than  inland.  Naik  (1949)  thinks  there  may  be  more  than  500 
acres  in  South  India,  where  the  tree  thrives  up  to  an  elevation  of  4,000  feet,  but 
seems  to  bear  better  below  1,500,  and  the  Cricket  Ball  variety  with  large  fruits  of 
good  quality,  appears  to  produce  more  tasty  fruits  below  1,000  feet.  Even  in 
Ceylon  and  Java  it  does  best  in  the  moist  areas  near  the  sea.  On  the  other  hand, 
Oppenheimer  (1947)  says  that  in  Palestine  it  seems  more  adaptable  to  the  interior 
valleys,  where  it  is  not  damaged  by  the  hot,  dry  winds,  the  high  lime  content  of  the 
soil,  or  the  relatively  alkaline  nature  of  the  irrigation  water.  On  the  coastal  plain 
it  develops  slowly,  probably  because  of  the  comparatively  cool  climate.  Sapotas  are 
grown  to  a  considerable  extent  in  the  Punjab  and  the  western  part  of  Uttar  Pradesh. 
M.  P.  Singh  (1951  A)  reports  a  very  small  but  highly  profitable  industry  near  Nag¬ 
pur.  Where  the  fruit  has  not  been  grown  it  is  not  immediately  popular,  but  a  market 
can  be  developed  and  it  seems  probable  that  the  industry  will  expand  in  northern 
India.  The  tree  has  been  known  to  withstand  temperature  as  low  as  28°F. 

It  is  an  ornamental  tree,  and  may  well  find  a  place  in  gardens  under  conditions ' 
not  suitable  for  commercial  production.  Under  the  most  favourable  conditions,  the 
tree  may  attain  a  height  of  75  feet,  but  in  India  it  is  ordinarily  much  smaller. 

hnt  ,  A,d,eieP  Sandy  l0am  S0i1’  rich  or  wel1  manured,  is  said  to  be  most  satisfactory 
but  sapodillas  are  grown  on  a  wide  range  of  soils. 

India  s^1ScWag;i5ftti;d  so^  P  “T*8*  t0°  c,ose  Planti"S-  I" 
n»Ki  U  J,  as  15  feet  is  sometm.es  advocated  and  used,  but  Sultan 

1935)  ts  safer  m  recommending  25  to  30  feet.  Naik  recommends  from  20  to  35 

whi,r::gdi“a  ,1,e  varietf and  th* soii  »■»  z 

wiiere  me  sapodilla  seems  to  do  very  we  1  Orhsp  ncm\  ,  _  ’ 

y  wen,  ucnse  (1931)  recommends  39  to  46  feet. 
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Seedling  trees  are  most  commonly  grown,  but  vary  greatly  in  productivity 
as  \sell  as  in  the  quality  ot  the  fruit,  and  are  slow  in  coming  into  bearing.  Vege- 
lati\e  propagation  is  therefore  very  desirable.  Layering,  air-layering,  budding, 
and  grafting  aie  all  used.  Budding  is  said  to  be  possible  by  the  shield  method 
with  the  same  precautions  as  are  necessary  with  the  mango,  or  by  the  Forkert 
method.  Layered  plants  are  reported  by  Richards  (1943)  to  bear  fruit  within 
two  years  of  planting  in  Ceylon.  ]\aik  says  that  layering  is  the  most  popular  in 
Madras,  but  that  inarching  is  gaining  in  favour.  Inarching  is  the  most  common 
form  of  grafting,  at  least  in  India,  but  preliminary  trials  in  Madras  indicate  that 
side  grafting  is  possible  on  rootstocks  which  may  be  seedlings  of  sapota,  Madhuca 
( Bassia )  latifolia  ( the  mohwa),  M.  longifolia,  Manilkara  ( Mimusops )  hexandra 
(the  khirni)  and  other  species  of  Manilkara.  inarching,  the  seedlings  of 
Madhuca  were  found  to  be  less  satisfactory.  Madhuca  has  proved  unsuccessful  in 
Uttar  Pradesh  also,  where  the  khirni  is  preferred.  Another  relative,  Sideroxylon 
dulcificum ,  has  also  been  used.  Richards  states  that  seedling  sapodillas  are  satis¬ 
factory  as  rootstock  except  that  they  are  slow-growing,  and  that  it  may  be  difficult 
to  get  seed  in  large  quantities.  He  found  delayed  incompatibility  between  the 
sapodilla  and  Modhuca  longifolia,  which  overgrows  the  scion,  while  Manilkara 
hexandra  was  satisfactory,  although  slow  in  growth,  budding  being  done  at  an  age 
of  18  months. 


Very  little  has  been  written  about  the  culture  of  the  sapodilla,  and  the  tree 
seems  to  be  able  to  survive  almost  total  neglect.  However,  it  seems  to  repay  good 
care,  similar  to  that  given  citrus  trees.  Except  where  rainfall- is  well  distributed, 
young  trees  require  irrigation  and  mature  trees  bear  more  fruit  if  watered.  As  the 
tree  grows  slowly,  and  tends  to  shed  any  dry  branches,  little  pruning  is  desirable. 


Flowers  appear  more  or  less  throughout  the  year,  but  there  are  generally  two 
or  three  seasons  when  more  fruit  ripens  than  at  other  times.  In  South  India, 
February  to  June  and  September-October  are  the  main  seasons,  but  in  Bombay  and 
the  North  most  of  the  fruit  is  borne  in  March- April  and  August-September.  There 
are  two  principal  types  of  fruit,  the  round  and  the  oval,  and  in  Java  a  number  of 
named  varieties  are  recognized  under  each  type.  About  a  dozen  varieties  are  recog¬ 
nized  in  Madras.  In  most  parts  of  the  world,  however,  well-established  varieties 
are  not  found.  The  size  of  the  fruits  varies  greatly,  some  being  as  much  as  four 
inches  in  diameter.  Naik  says  that  the  varieties  with  smaller  fruits  tend  to  yield 
better  than  the  very  large  ones.  He  says  an  average  tree  will  yield  more  than 
700  fruits  in  the  eighth  year,  and  about  1,000  after  the  tenth,  with  some  trees 
bearing  2.000.  With  fruits  purchased  in  the  Nagpur  market,  presuma  y  o 
one  variety,  M.  P.  Singh  (1951A)  found  a  uniformly  high  correlation  between  fruit 
weight,  seed  weight,  ratio  of  length  to  transverse  diameter,  and  sugar  content,  fruits 
weighing  not  more  than  two  ounces  frequently  did  not  contain  enough  sugar  to  be 
satisfactory,  possibly  because  they  had  been  picked  when  too  green,  and  the  per¬ 
centage  of  edible  flesh  was  only  27.33  as  compared  with  69.19  in  fruits  weigung 
eiaht  ounces.  In  another  study,  M.  P.  Singh  (1951B)  measured  length  and 
diameter  of  the  developing  fruits  from  September  16  until  April  10,  and  oun 
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somewhat  more  rapid  growth  in  the  hrst  and  last  months.  The t  frni,  which  were 

largest  at  the  first  measurement,  presumably  because  they  set  first  cont 
Jhelargl.  No  evidence  of  the  cyclic  growth  which  has  been  observed  rn  some 
i  f .  found  The  number  of  seeds  varies  from  nine  to  twelve. 

0t,er  The* fruit  is  ordinarily  picked  while  still  firm,  in  which  condition  it  can  be 
shipped  successfully.  It  is  entirely  inedible  until  fully  ripe.  Cheema  and  Karma  kar 
(1939)  and  Karmarkar  and  Joshi  (1940A)  report  that  it  opens  satisfactorily  at  52 
and  56°F.,  but  not  at  45,  and  remains  good  for  5  weeks,  while  ripe  fruit  can  be  kept 
for  about  6  weeks  at  32  or  3S°F.  The  fruit  is  used  almost  entirely  as  a  dessert  f™*’ 
but  is  sometimes  made  into  a  drink.  Products  in  the  West  Indies  mentioned  by  Morton 
and  Morton  (1946)  include  a  fine  syrup  made  by  boiling  down  the  juice,  vinegar, 
jam,  and,  combined  with  citrus  fruits,  delicious  marmalades.  The  mashed  fruit  is  a  so 
added  to  bread  and  pancakes.  Stahl  (1935)  gives  analyses  showing  only  about 
8%  sugar,  while  Sturrock  (1940)  quotes  analyses  showing  11.20%  sugar  in  the  round 
type  and  12.70  in  the  oval.  In  tropical  America  the  trees  are  tapped  for  the 
milky  latex,  chicle,  which  is  the  basis  of  chewing  gum. 

Very  few  pests  and  diseases  have  been  reported.  A  caterpillar,  Nephopteryx 
eugraphella,  feeds  on  the  leal  and  flower  buds,  and  the  tender  fruits  and  leaves,  and 
causes  considerable  loss,  according  to  Cherian  and  Anantanarayanan  (1942).  It 
forms  tunnels  of  webs  and  grass,  and  also  fastens  the  leaves  together  with  silken 
threads,  and  feeds  inside.  It  has  been  reported  from  the  Punjab,  Bengal,  Bihar, 
and  Madras,  and  also  attacks'  Manilkara  elengi.  Two  natural  enemies  have  been 
noted,  but  they  seem  not  to  control  the  pest.  Spraying  with  calcium  arsenate  is 
recommended.  The  scale  insect,  Pulvinaria  psidii,  and  a  borer  of  the  fruit  and 
stem  are  reported  from  Hyderabad.  In  Burma  the  larvae  of  a  beetle  are  said  to 
tunned  in  the  fruit' and  cause  it  to  fall;  and  fasciation,  the  cause  of  which  is  obscure, 
sometimes  occurs  and  is  treated  only  by  removing  the  affected  branches. 

From  fasciated  branches  and  also  mummified  fruits  at  Kanpur  and  Kath- 
godam,  Bose  and  Mehta  (1951)  frequently  isolated  Pestalotia  sapotae. 

Reference  has  been  made  to  the  khirni,  Manilkara  hexandra,  as  a  rootstock 
for  the  sapodilla.  This  is  a  large  tree  found  in  many  parts  of  India,  producing  a 
small,  sweet  fruit  in  the  summer.  It  is  occasionally  included  in  gardens.  Sideroxy- 
Ion  tomentosum  grows  wild  in  the  Western  Ghats  and  Circars,  according  to  Naik. 
and  its  fruits  are  used.  A  number  of  other  sapotaceous  fruits  are  grown  in  the 
American  tropics,  but  do  not  seem  to  have  been  introduced  into  India.  The  white 
sapote,  Casimiroa  edulis,  which  is  occasionally  grown,  is  not  a  member  of  this 
family,  but  of  the  Rutaceae.  It  may  deserve  more  attention  than  it  has  had.  Everett 
(1947)  recommends  extending  its  growth  in  New  Zealand  where  it  gives  fair  crops 
of  fruit  of  high  quality.  It  can  be  propagated  by  shield  budding,  using  fairly 
mature  budwood  and  rootstocks  in  active  growth. 

v  The  Loquat 

The  rose  family  contains  many  important  fruits  of  the  temperate  zone,  but 
the  only  subtropical  fnut  of  importance  in  this  family  is  the  loquat,  Eriobotrya 
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japonica.  This  fruit  is  probably  a  native  of  central  China,  but  it  has  long  been 
grown  tn  Japan  and  is  highly  developed  and  largely  grown  in  both  countries.  Japan 
ts  said  to  produce  about  10,000  tons  annually,  while  the  production  in  China  is  prob- 
a  y  greater.  The  loquat  is  now  known  throughout  the  subtropics,  and  is  grown 
commercially  m  the  Mediterranean  region,  Australia,  South  Africa,  South  America, 
and  the  United  States,  as  well  as  in  India.  In  this  country  it  is  grown  mainly  in 
the  t  unjab  and  in  Uttar  Pradesh,  where  there  are  about  2,065  acres  (Chand,  1943). 
llao  (1946)  estimated  3,000  acres  for  the  entire  country,  yielding  6,000  tons. 
Only  about  400  acres  of  this  is  now  in  Pakistan.  Another  estimate  (Anon.,  1950) 
puts  the  area  in  Uttar  Pradesh  at  1,750  acres,  in  the  undivided  Punjab  at  554,  in 
Delhi  at  325  acres,  and  in  the  entire  country  at  3,086  acres. 


Although  the  loquat  is  evergreen,  the  tree  is  very  hardy.  Some  branches 
are  likely  to  be  killed  at  about  15°  F.,  but  mature  trees  can  withstand  temperatures 
as  low  as  0  for  a  short  time  without  great  damage.  This  makes  it  possible  to 
grow  the  tree  as  an  ornamental  in  the  milder  part  of  the  temperate  zone.  On  the 
other  hand,  the  tree  can  stand  very  great  heat,  and  may  be  grown  in  the  tropics.  But 
it  does  not  fruit  well  in  the  tropics,  and  flowers  and  fruits  are  subject  to  severe 
damage  when  there  is  more  than  10°  of  frost.  Commercial  production  is  thus  limited 
to  subtropical  areas.  Gammie  and  Patwardhan  (1921)  report  that  in  Bombay  the 
trees  bear  well  but  the  fruit  is  smaller  than  in  northern  India,  and  is  not  highly 
regarded.  In  Madras,  according  to  Naik  (1949)  the  loquat  is  grown  mainly  as 
an  ornamental  tree,  propagated  from  seed  and  bearing  poor  crops  of  sour  fruits. 
C.  P.  Singh  (1940)  states  that  in  warmer  countries  the  loquat  does  better  when 
planted  with  tall  trees  which  provide  some  shade. 


The  loquat  thrives  on  a  wide  variety  of  soils,  in  some  places  seeming  to  do 
best  on  a  light  sandy  loam,  in  others  on  a  heavier  soil.  Good  drainage  is  generally 
considered  essential,  but  Oppenheimer  (1947)  says  that  a  medium  heavy  soil,  even 
with  imperfect  drainage,  is  to  be  preferred  to  a  very  light  soil. 

Various  methods  of  propagation  are  used.  Seeds  grow  readily  unless  they 
have  been  allowed  to  dry  out,  but  seedling  trees  vary  greatly,  and  should  not  be 
used.  Bajpai  (1949)  reports  the  occurrence  of  polyembryony  in  the  loquat, 
which  suggests  that  it  might  be  possible  to  avoid  variation  in  seedlings  by  careful 
selection  among  them.  Cuttings  are  possible,  but  difficult,  whereas  layering  is 
comparatively  easy  and  satisfactory.  But  budding  or  grafting  is  to  be  preferred. 
Shield  budding,  using  buds  from  three-month-old  branches,  in  January  and  Feb¬ 
ruary,  is  reported  by  C.  P.  Singh  (1940)  to  give  90%  success,  while  budding  in 
September  and  October  was  less  successful.  Ring  budding  can  also  be  used.  In 
India  the  form  of  grafting  ordinarily  used  is  inarching,  which  does  not  give  as 
desirable  results  as  budding,  but  in  other  countries  other  types  of  grafting  give 
good  results.  Many  other  members  of  the  family  can  be  used  as  rootstock,  me  u  - 
ing  the  apple  and  pear,  and  the  genera  Crataegus,  Sorbus ,  and  Mespilus.  Under 
most  conditions,  however,  seedling  loquats  make  the  best  rootstock,  and  they  are 
used  in  this  country.  The  quince  is  also  a  very  satisfactory  stock  in  other  countries, 
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producing  a  more  or  less  dwarfed  tree,  but  on  the  plains  of  Uttar  Pradesh  it  has 
proved  entirely  unsuccessful,  according  to  Singh. 

Where  conditions  are  favourable  and  no  effort  is  made  to  dwarf  the  trees, 
they  may  well  be  planted  about  30  feet  apart.  In  Uttar  Pradesh  25  feet  seems 
to  be  enough,  and  Grant  and  Williams  (1936)  recommend  at  least  20  feet,  while 
Parsons  (1932)  suggests  18  feet  on  good  soil  and  less  on  average  soil.  Where 
the  quince  root  is  used,  still  closer  planting  is  common,  and  some  reduction  in  size 
is  possible  by  suitable  pruning  even  on  loquat  root. 

As  the  ripe  fruit  is  very  delicate,  and  requires  careful  handling,  a  low,  flat 
tree  is  an  advantage.  The  Japanese  are  said  to  produce  trees  of  this  shape  by 
training  and  pruning,  and  this  might  prove  desirable  in  other  parts  of  the  world. 
Japanese  authorities  also  recommend  heading  back  about  half  of  the  growth  of 
the  current  season  in  the  autumn.  As  the  flowers  are  borne  on  this  growth  in  the 
winter,  such  treatment  results  in  a  reduction  of  the  number  of  fruits,  and  a  conse¬ 
quent  improvement  in  the  size  and  quality  of  the  fruits  which  are  produced.  It 
also  assures  an  adequate  amount  of  shoot  growth  the  next  year.  Parsons  also  rec¬ 
ommends  pruning,  not  only  to  avoid  over-bearing,  but  to  admit  light  to  the  centre 
of  the  tree.  Firminger’s  Manual,  on  the  other  hand,  suggests  that  pruning  is  not 
needed,  and  particularly  warns  against  heading  back  shoots  in  the  autumn.  The 
trees  assume  a  satisfactory  shape  without  pruning,  and  the  amount  of  pruning 
which  is  desirable  probably  depends  on  economic  considerations.  Pruning  may 
result  in  regular,  moderate  crops  of  somewhat  larger  fruit,  but  the  increase  in  value 
may  be  less  than  the  cost  of  pruning. 


In  addition  to  the  thinning  of  branches,  thinning  of  the  fruits  is  practised 
in  Japan,  and  may  be  desirable  elsewhere  if  fruit  of  large  size  is  demanded.  Hodg¬ 
son  and  Moore  (1943)  report  that  the  increase  in  size  is  roughly  proportional  to 
the  severity  of  the  thinning.  Thinning  may  be  of  individual  flowers,  of  flower 
clusters,  or  of  f i nits,  and  is  effective  in  avoiding  the  tendency  of  the  trees  to  produce 
a  large  crop  of  small  fruits  one  year,  followed  by  a  small  crop  of  larger  fruit, 
fruit  size  was  found  to  be  determined  largely  by  the  number  and  weight  of  fruits 
in  the  preceding  crop  and  the  leaf  area  per  fruit  in  the  current  crop. 

While  little  experimental  work  has  been  done,  it  is  generally  recognized 
iat  the  loquat  tends  to  exhaust  the  soil,  and  that  fairly  generous  manuring  is 
ce.sary  armyar  manure  is  commonly  used  and  Singh  recommends  200  pounds 
or  a  mature  tree.  Green  manuring  during  the  rainy  season  is  also  desirable.  As 

should  t  *  tUrCS  'lr'n".  ^'e  season’  irrigation  is  necessary.  Ordinarily  it 
Should  begin  as  soon  as  the  fruit  has  set  and  continue  until  the  rainy  season. 

India  tim  er"  1  '°Unll‘es  l*le  hK(llat  (lowers  in  tile  late  autumn  or  winter,  but  in 

masu  and  SUraki'8(1948)  Jfm  ^  may  condnue  until  lanuary.  Mura- 

middle  of  Julv  until  ih  •  i  n"  °"er  1,11(1  differentiation  to  take  place  from  the 

ed^inc;1  90  u° 110  op- 

45  P  Kanpur  sh^ts  were  observed  to  start  growth 
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in  March  or  April,  sometimes  in  continuation  from  the  previous  July  or  August, 
and  to  bear  inflorescences  in  July,  August,  and  less  commonly  in  September,  with 
flowers  opening  from  August  to  December.  Shoots  starting  early  in  July  bore 
inflorescences  in  October  which  opened  in  December  and  January.  The  number  of 
inflorescences  observed  was  84  in  July,  41  in  August,  16  in  September,  and  60  in 
October.  No  viable  pollen  was  produced  in  August  and  September,  so  the  flowers 
opening  then  fell.  Pollen  is  produced  in  October,  and  with  hand  pollination  gave 
a  good  set,  but  with  open  pollination  the  set  was  unsatisfactory,  perhaps  because 
there  were  few  bees  or  other  insects  present  at  that  time.  He  considers  the 
bee  the  most  important  agent  of  pollination.  Bees  were  abundant  in  December 
and  January,  when  about  17  to  19%  of  the  flowers  set,  which  is  considered  satis¬ 
factory.  Flowers  bagged  in  December  set  little  fruit,  indicating  little  self-fertility. 
The  varieties  Golden  Yellow  and  Pale  Yellow  were  found  to  be  inter-fertile. 
Others  have  found  that  the  fruit  set  in  October  and  November  is  most  important 
as  under  some  conditions  that  set  in  December  and  January  may  not  develop  well 
because  of  the  hot  weather  which  comes  on  before  they  are  ripe.  If  a  large  num¬ 
ber  of  flowers  are  produced  early  in  the  season,  there  may  be  few  later,  and  a  poor 
crop  of  fruit.  Pruning  and  other  cultural  operations  should  therefore  be  planned 
to  encourage  mid-season  flowering.  Bajpai  reports  that  in  one  case  a  panicle  was 
broken  off  in  July,  and  the  shoots  which  emerged  from  below  it  the  same  month 
flowered  in  October.  This  suggests  the  desirability  of  removing  these  barren  in¬ 
florescences  as  soon  as  they  appear.  It  may  also  prove  worth  while  to  encourage 
bees  in  the  orchard  in  October. 


In  a  later  report,  Bajpai  (1951)  reports  that  removing  the  July  inflorescences 
in  July  was  found  to  cause  shoots  to  arise  which  flowered  in  the  second  flush.  Norm¬ 
ally,  inflorescences  were  found  to  arise  from  the  terminal  portion  of  the  current 
season’s  growth,  and  to  contain  from  18  to  200  flowers  each.  Purely  floral  inflorescen¬ 
ces,  or  those  with  one  vegetative  shoot,  did  not  abort,  but  mixed  inflorescences  with 
two  vegetative  shoots  generally  did,  and  those  with  more  than  two  always  did.  With 
reference  to  pollination,  Bajpai  (1952)  found  that  when  cross-pollinated,  Golden 
Yellow  and  Pale  Yellow  set  18.5%  and  20.6%,  in  contrast  to  1.4%  when  both  were 

self-pollinated. 

The  fruil  ripens  late  in  the  spring  when  conditions  favour  rapid  spoiling. 
As  it  is  necessary  to  allow  it  to  become  fairly  ripe  on  the  tree  in  order  to  be  of 
good  quality,  and  as  it  is  thin-skinned  and  easily  damaged,  very  careful  handling 
is  necessary.  The  clusters  of  fruit  should  be  cut  or  clipped  by  hand  ladders  being 
used  where  necessary.  The  fruit  should  be  graded  and  packed  in  shallow  baske  s 
or  boxes,  and  marketed  promptly.  Bajpai  (1949)  reports  the  yield  o  seven  trees 
of  the  Golden  Yellow  variety  at  Kanpur  varying  from  28  to  41.8  lb*’  ' 

average  of  33.2  whereas  Oppenheimer  in  Palestine  suggests  that  to  -  • 

tree  is  a  reasonable  yield  in  Palestine,  with  a  maximum  of  about  66  lbs.  Most  ot 
the  fruit  is  eaten  fresh,  but  some  is  used  before  it  is  fully  ripe  m  m  j 

cellent  jelly.  The  ripe  fruit  contains  about  8  to  13%  sugar,  .5  to  1.  ,Q 
r3  to  .5%  pectin, 
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Many  excellent  varieties  are  grown  in  Japan  and  China,  and  in  other  coun¬ 
tries.  A  number  of  varieties  have  been  originated  in  this  country  which  seem 
adapted  to  the  climate.  The  fruits  vary  from  pale  yellow  to  orange-,  and  the  num¬ 
ber  of  seeds  from  one  to  five  or  even  more.  The  size  and  flavour  also  vary  consi 
erably.  Singh  recommends  the  following  varieties  for  Uttar  Pradesh:  Golden 
Yellow,  Improved  Golden  Yellow,  and  Thames  Pride  (ripening  from  the  middle 
of  March) ;  Pale  Yellow,  Large  Pale  Yellow,  and  Large  Agra  (ripening  from  the 
end  of  March) ;  and  Californian  Advance  and  Tanaka  (ripening  from  the  middle 
of  April). 

In  India  the  loquat  seems  to  be  free  from  serious  pests  and  diseases.  Singh 
reports  stem  rot,  which  occurs  on  neglected  trees  and  may  be  cured  by  removing 
the  decayed  roots  and  treating  with  Bordeaux  paste;  and  scab,  which  also  affects 
the  trunk.and  large  branches,  and  may  be  controlled  in  the  early  stages  by  spray¬ 
ing  with  Bordeaux  mixture  and  painting  the  branches  with  Bordeaux  paste  or  coal 
tar.  In  other  countries  pear*  blight  is  sometimes  serious,  and  pear  scab  also  occurs. 
Fruit  flies,  scale  insects,  and  aphids  have  been  reported  attacking  the  loquat. 


'  The  Jackfruit 


I 


Probably  indigenous  to  India,  perhaps  to  the  Western  Ghats,  the  jackfruit 
is  widely  grown  and  highly  esteemed,  particularly  in  the  warmer  parts  of  the 
country.  It  is  one  of  the  most  popular  fruits  of  the  west  coast,  Coorg  and  Mysore, 
according  to  Naik  (1949)  and  is  also  widely  grown  in  other  parts  of  the  South, 
up  to  an  altitude  of  about  5,000  feet.  It  is  believed  to  rank  foremost  in  the  quan¬ 
tity  of  food  produced  per  unit  area  among  South  Indian  fruits.  The  leaves  are 
stiched  together  and  used  as  plates  and  the  wood  is  also  valuable.  It  is  rarely, 
planted  on  an  orchard  scale,  but  Naik  believes  there  are  more  than  100,000  trees 
in  South  India.  If  these  were  planted  35  feet  apart  by  the  square  system,  they 
would  occupy  about  2,817  acres.  The  production  of  fruit  is  considered  as  great 
as  that  of  any  other  fruit  except  the  mango  and  banana.  North  of  Bengal  it  is  not 
as  easily  grown,  and  is  of  much  less  importance  although  Chand  (1943)  reports 
660  acres  in  Uttar  Pradesh.  It  is  also  commonly  grown  in  Burma  and  Malaya 
and  to  a  considerable  extent  in  Brazil.  It  has  been  introduced  into  many  other 
tropical  countries  but  has  not  become  very  popular.  The  flavour  and  texture  of 
the  fruit  do  not  appeal  to  many  in  other  countries. 


”h,ICth  I5,denved  from  the  Malayalam  term,  is  variouslj 
spelled.  Jack  jaka  or  jakfrmt  are  used,  and  may  be  better  forms,  but  ‘jack 

frmt  ,s  now  well  established.  Along  with  the  fig  and  the  mulberry,  the  jackfrui 
belongs  to  the  family  Moraceae  or  Urticaceae.  The  genus  is  Anocarpus,  from  tin 

W  (1M i  t’  a"d  the  SPtCie\haS  bee"  COnsidered  i^srifolia  or  Integra 

.ajtf  n iQzz -x XtX-r o£a  consistent  misin— 

Spekes,  while  the  proper  name' for  £££  ^£*2,  fZZ 
Randhawa  (1952)  call  it  A.  keteropkyllus.  '  ChaUerJee  anc 
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fn.it  ?her  members  °f  ‘he  genus  are  of  some  im Parlance.  The  bread- 

Ult  A.  altihs  ( communis ,  mcisa)  is  more  tropical  in  its  requirements,  and  is  not 

much  grown  m  India,  but  is  of  greater  importance  in  the  world,  being  one  of  the 
staple  foods  m  Polynesia.  h  1S  connected  with  one  of  the  great  epics  of  the  sea, 
or  Captain  Bligh  had  loaded  a  thousand  breadfruit  plants  on  his  ship,  the 
Bounty  ,  in  Tahiti  an d  was  taking  them  to  the  West  Indies  when  the  majority  of 
the  crew  mutinied  and  put  him  and  the  few  loyal  sailors  into  an  open  boat.  After 
an  almost  impossible  trip  they  reached  the  East  Indies,  and  later  Captain  Bligh 
succeeded  in  introducing  both  the .  breadfruit  and  jackfruit  into  the  West  Indies, 
where  they  proved  of  very  little  value.  It  flourishes  on  the  west  coast  of  South 
India  and  on  the  islands  off  that  coast,  according  to  Naik  (1949),  who  says  it  also 
crows  on  humid  hill  slopes  up  to  about  3,500  feet  above  the  sea,  and  even  in  the 
drier  parts  when  planted  in  a  sheltered  spot  in  the  midst  of  thick  vegetation  and 
i\ell  supplied  with  water.  The  seedless  type  is  preferred  and  is  commonly  propa¬ 
gated  from  root  suckers,  K.  F.  Khan  (1945)  reports  90%  success  with  root  cut¬ 
tings  about  1  inch  in  diameter  and  9  inches  long,  planted  horizontally,  while  those 
planted  vertically  gave  only  40%  success,  and  stem  cuttings  failed  at  the  Burliar 
Fruit  Station.  Bearing  starts  in  about  6  years  and  the  average  yield  in  South 
India  is  given  as  about  50  lbs.  per  tree,  with  some  trees  giving  more  than  200  lbs. 
The  starchy  fruits  are  much  smaller  than  those  of  the  jackfruit,  and  are  eaten 
cooked. 


The  monkey  jack,  A .  lakoocha ,  is  a  handsome  tree,  said  to  be  a  native  of 
Bengal,  bearing  an  irregular  fruit,  three  or  four  inches  in  diameter.  Both  the  pulp 
and  the  seeds  are  edible,  but  are  not  highly  esteemed.  The  tree  occurs  wild  in 
different  parts  of  India  and  Burma,  but  is  very  seldom  cultivated.  Naik  reports 
that  this  and  another  species,  A.  hirsuta  are  both  semi-wild  and  bear  edible  fruits. 
The  Johore  jackfruit,  A.  champedon  is  a  small  fruit  which  is  eaten  but  has  a 

strong  odour  resembling  that  of  the  durion. 

•  * 

The  jackfruit  is  of  interest  as  one  of  the  largest  fruits  in  the  world,  speci¬ 
mens  having  been  reported  weighing  as  much  as  80  pounds.  They  are  borne  on 
short  deciduous  stems  on  the  main  branches  and  trunk.  Firminger’s  Manual  re¬ 
peats  the  common  belief  that  fruits  are  borne  on  the  roots  of  old  trees,  causing 
the  ground  to  crack,  and  that  these  fruits  are  of  the  finest  quality.  It  seems  prob¬ 
able  that  this  belief  is  based  on  the  bearing  of  fruit  on  the  lowest  part  of  the 
trunk,  which  may  be  below  the  surface  of  the  soil.  The  same  book  tells  of  enclosing 
the  stem  of  a  young  tree  in  a  hollow  bamboo  for  three  or  four  feet,  so  that  it  be¬ 
comes  pliant,  and  then  twisting  it  into  a  coil  and  covering  it  with  earth,  in  order  to 
induce  bearing  beneath  the  soil. 

In  India  the  jackfruit  is  universally  grown  from  seed,  and  this  method  is 
largely  used  in  other  countries  also.  Sonwalkar  (1951)  found  that  four  fruits  of  a 
culinary  type  in  Madhya  Pradesh  contained  from  378  to  491  seeds  each,  compare 
with  about  100  in  table  varieties.  Most  of  the  seed  weighed  from  3  to  6  grammes  each, 
and  those  smaller  than  this  were  unsatisfactory  for  propagation.  Cermination  require 
from  three  to  eight  weeks,  and  was  only  slightly  lessened  and  retarded  by  storing  t  le 
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seeds  for  a  month  at  room  temperature.  Germination  was  poorer  when  the  seed  was 
placed  with  the  embryo  up,  and  soaking  the  seed  in  water  for  24  hours  increased 
and  hastened  germination.  The  larger  seeds  gave  better  germination  and  seedlings 
which  at  three  months  were  more  vigorous.  Transplanting  when  the  seedlings  had 
more  than  four  leaves  resulted  in  20%  mortality.  It  is  better  to  transplant  the 
seedlings  before  the  food  •  reserves  in  the  cotyledons  are  exhausted,  and 
some  growers  prefer  to  plant  the  seed  where  the  plant  is  to  be  grown. 

Khan  (1946  B)  reports  successful  inarching  in  South  India.  Inarching  on 
A.  hirsuta  and  on  jackfruit  seedlings  in  July  gave  67%  success,  and  on  an  inferior 
variety  of  jackfruit,  called  Rudrakshi,  in  December,  70%.  S.  N.  Singh  and  others 
(1949)  had  no  success  at  Kanpur  with  any  vegetative  method  except  air  layering. 
Their  best  results,  about  60%  success,  were  achieved  when  shoots  2  or  3  years  old 
were  prepared  in  the  last  week  of  August  or  the  first  week  of  September  by  removing 
a  ring  of  bark  2  or  inches  wide.  This  section  of  the  stem  was  covered  with  clean 
sand  and  kept  moist  for  about  2£  months.  As  the  roots  emerged  from  the  sand  they 
were  covered  with  successive  layers  of  leaf  mould,  and  when  they  emerged  from  the 
third  layer  a  notch  was  made  half  through  the  branch  and  a  week  later  the  gootee  was 
removed.  Those  planted  in  pots  became  dormant  and  later  diedp  oui  those  planted  in  a 
shaded  nursery  grew.  L.  B.  Singh  (1951)  at  Saharanpur  reports  only  12%  success 
without  the  use  of  hormones,  but  with  .025%  Seradix  A,  72%  and  with  .025% 
alphanaphthalene  acetic  acid,  56%.  In  Java  it  is  successfully  budded  by  the  modified 
Forkert  method,  and  Ochse  (1931)  recommends  the  use  of  non-petioled  budwood  on 
rootstocks  of  Artocarpus  champeden,  although  A.  rigida  or  the  jackfruit  itself  may 
be  used.  .Other  possible  methods  are  layering,  preferably  with  etiolation,  and  stem 
cuttings. 


Very  little  has  been  written  about  the  culture  of  the  jackfruit.  While  for 
the  best  production  it  needs  plenty  of  water,  poor  drainage  is  very  injurious.  In 
the  flood  of  1948  in  Allahabad,  jackfruit  trees  were  severely  injured  or  killed  when 
mangoes  and  other  trees  under  the  same  conditions  were  uninjured.  Naik  (1949) 
considers  rich,  deep  soil  of  medium  or  open  texture  best,  but  states  that  on  deep 
gravelly  or  latente  soils  trees  sometimes  become  large  and  bear  well  The  tree 
grows  to  a  large  size,  and  under  favourable  conditions  would  be  crowded  at  the 
distance  of  30  feet  which  is  sometimes  recommended.  Naik  believes  that  from  30 

^  £'rlfn-  °ChS,e  (1931>  "  Pr°bably  "°l  t0°  S«erous  m  allowing 

ohJ  ,  UU  18  b°rne  °n  lhe  trUnk  a"d  ™in  benches,  there  is  no 

object'on  to  the  tree  growing  tall,  and  little  pruning  is  desirable  except  to  secure 

ir^^C^the-T crotcbes  rbich  - 

No  measures  are  ordinarily  taken  against  diseases  or  pests  The  beetle  R  it 
rufomaculata,  and  the  larvae  nf  a  v  ■  '  i  ‘  ne  t)eetlet  natocera 

ing  the  jackfruit  and  Lai  (19501  n,uda’  have  been  reported  attack- 

caterpillar  fount!  boring  in  the  fruit 
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1944,  there  are  about  45,500  acres  in  Madras,  40,000  in  Travancore,  8,300  in 
Cochin  and  500  in  Mysore,  a  total  of  94,300  acres.  Bombay  reported  3,482  acres 
in  1948.  All  of  these  estimates  are  considered  unreliable  by  the  Report.  Sayed 
(1951)  estimates  that  there  are  42,000  acres  suitable  for  planting  in  Bombay,  and 
urges  the  development  and  expansion  of  the  industry  in  that  state.  Cashews  are 
also  grown  to  a  limited  extent  in  Orissa  and  Bengal.  Possibilities  of  developing 
the  industry  in  India  have  been  discussed  by  Sayed  (1939). 

Temperature  is  the  limiting  factor  in  determining  where  the  cashew  can  be 
grown,  a  mild  tropical  climate  being  most  suitable.  When  seeds  were  planted  at 
Allahabad,  they  germinated  well  in  the  rainy  season  and  flourished  until  winter, 
when  most  of  them  died.  The  few  which  survived  the  cold  season  succumbed  to  the 
heat  of  the  following  summer.  Even  mature  trees  are  likely  to  be  injured  if  the 
temperature  falls  below  the  freezing  point.  In  South  India  they  may  be  grown 
at  elevations  as  great  as  3,000  feet,  but  do  best  below  1,500.  As  re¬ 
gards  soil,  they  are  very  tolerant,  and  are  grown  on  the. sand  hills  of  the  west 
coast  which  would  perhaps  produce  no  other  economic  crop.  Nevertheless,  they 
do  best,  according  to  Naik  (1949)  on  deep  loam.  They  are  given  no  irrigation, 
manuring,  or  other  care  and  seem  to  thrive  as  well  with  35  inches  of  rain  on  the 
east  coast  as  with  120  to  150  on  the  west. 


In  India  the  cashew  has  been  propagated  almost  entirely  from  seed  but 
there  is  evidence  to  suggest  that  vegetative  propagation  would  be  well  worth  while. 
In  one  study  of  97  seedlings,  the  yield  varied  from  nothing  at  all  t©  2,247  nuts, 
and  there  is  a  similar  variation  in  quality  of  both  fruit  and  nut.  Layering  and 
inarching  seem  to  Naik  the  best  forms  of  propagation,  but  side  grafting  and  patch 
and  shield  budding  are  also  possible.  On  good  soil,  he  considers  that  the  trees 
should  be  planted  about  40  feet  apart,  but  on  very  poor  soil,  half  that  will  suffice. 
Actually,  it  is  said  that  from  50  to  250  trees  are  planted  per  acre  (Anon.,  1945  B), 
which  would  mean  spacing  from  13  to  29  feet.  This  author  says  that  properly 
spaced  trees  bear  30  to  40  lbs.  of  nuts  each,  while  Naik  says  that  trees  vary  from 

3  to  100  lbs. 


Satisfactory  estimates  of  the  total  yield  of  cashew  nuts  in  India  seem  un- 
available.  It  is  obvious  that  the  figure  of  4,500  tons  (Anon.,  1945  B)  is  far  too  low 
as  this  would  mean  about  107  lbs.  per  acre.  The  same  author  says  that  imports  ot 
raw  nuts  from  Africa  had  varied  from  about  21,000  to  32,000  tons.  The  Report 
estimates  about  45,210  tons  produced  in  India  and  about  28,000  tons  imported. 
According  to  an  author  quoted  by  Popenoe  (1920),  the  weight  of  the  processed  kernel 
is  about  one-fourth  that  of  the  nut.  In  1949,  exports  of  kernels  to  the  U  b.  A. 
amounted  to  10,518  tons,  which  may  represent  more  than  66,000  tons  of  nuts.  One 
third  of  these  are  reported  to  have  been  grown  in  Mozambique.  Obviously,  a  con- 
siderable  quantity  of  the  nuts  are  consumed  in  India  but  exports  wori^mor  ^ 
Rs  1  00,00.000  annually  are  of  great  importance  to  tie  nances  0  ,  , 

Report  on  Marketing  estimated  that  the  supply  of  marketable  nuts  had  increased  about 

tenfold  in  the  15  years  before  its  publication, 
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The  shell  of  the  fresli  nuts  contains  about  25  to  30%  of  oil  which,  contains 
cardol  and  anacardic  acid,  substances  which  blister  the  skin,  and  which  must  there¬ 
fore  be  removed  before  the  nuts  are  shelled.  This  is  done  by  roasting,  formerly 
the  nuts  were  roasted  in  open  pans,  but  now  this  is  being  replaced  by  heating  in  rotary 
cylinders  or  in  oil  baths.  The  oil  is  used  as  a  preservative  for  boats  and  nets,  and 
is  said  to  protect  w'ood  from  termites.  It  is  reported  that  more  than  2,500  tons  of 
the  oil  are  exported  annually  to  the  United  States,  where  it  is  used  in  several  industrial 
processes.  After  roasting,  the  nuts  are  shelled  by  hand  and  dried,  and  the  brownish 
skin  is  removed  from  the  kernel.  For  export  they  are  packed  in  tins,  under  partial 
vacuum  or  in  carbon  dioxide. 


The  kernels  are  not  only  delicious,  but  of  great  nutritional  value.  In  calories 
they  compare  well  with  other  nuts  such  as  peanuts  and  almonds.  Popenoe  (1920) 
quotes  a  fat  content  of  47.13%,  and  it  is  possible  to  express  oil  to  about  40%  of  the 
weight  of  the  kernel.  This  oil  is  of  excellent  quality  but  too  expensive  to  be  com¬ 
mercially  useful.  I  hey  also  contain  considerable  protein,  vitamin  A,  phosphorus, 
and  iron. 


The  Carambola 


The  carambola  is  another  fruit  which  seems  to  be  used  more  extensively  by 
the  Chinese  than  by  Indians,  although  it  grows  in  both  countries.  It  is  said  to  be 
a  native  of  the  Moluccas,  or  of  the  Malayan  region,  but  has  been  grown  in  India  for 
many  centuries.  Botamcally  it  is  Averrlioa  carambola,  of  the  family  Oxalidaceae, 
which  is  combined  by  some  botanists  with  the  Geraniaceae. 

As  far  as  climate  is  concerned,  the  carambola  can  be  growm  throughout  most 
of  India  where  there  is  very  little  frost,  although  it  is  said  that  young  trees  may  be 
amaged  by  cool  weather  above  the  freezing  point.  It  is  said  to  prefer  a  warm, 
moist  climate,  and  probably  produces  better  under  such  conditions.  While  a  rich 
soil  produces  more  rapid  growth  and  better  crops,  the  tree  has  been  successfully 
grown  on  soils  ranging  from  sand  to  clay.  While  it  is  scarcely  a  commercial  crop 
m  any  part  of  India,  a  few  fruits  do  reach  the  market.  Naik  (1949)  says  thjat  it  is 
grown  in  gardens  all  over  the  plains  of  South  India,  though  it  thrives  best  in  moist 
situations  along  the  west  coast  and  the  lower  slopes  of  the  hills. 


Propagation  has  been  almost  entirely  by  seed,  with  the  expected  result  that 

"  ,  “  *  <fcal  ?f  -  the  types  grown.  The  vegetative  propagation 

e  s  and  ehr„IPeb  “  N"k  ^  *hat  »d  inarching  are 

deL  success  SMeM6  '  dd  ^  ^  “  Ka"ar  X  wi‘>>  com- 

method  in  Java  and  I  “t  "S,  "  USed  in  'he  PhiliPPin<*.  and  the  Forked 

be  fairly  mature  smooth  n,7  U"g  Tt  %  US<id'  buddin?'  bud  wood  should 

of  the  same  species  at  least  P“rpllsh  w,ri*  ‘he  leaves  still  attached.  Seedlings 
species,  at  least  a  year  old,  are  desirable  as  rootstock. 

conditions  T ^  *  ab°Ut  3°  f“*  “nd»  f~b,e 
others,  but  very  limited  experience  All  ^  rccommended  bY  Naik  and 

less  than  30  feet  is  inadequate  I  ittl  °  k  3  *.  S"sgesls  1,1  at  ori  food  soil  anything 

«  inadequate,  Little  is  known  about  the  best  methods  of  culture.  P  irn- 
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mg  seems  not  to  be  required  to  shape  the  tree,  which  is  naturally  symmetrical,  hut  some 

1  tinning  out  is  probably  desirable.  The  inner  branches  keep  drying,  and  may  well 
be  removed.  : 

^  bile  tlieie  are  no  well  known  clonal  varieties,  two  types,  sweet  and  sour, 
aie  generally  recognized.  The  sour  type  seems  to  be  mainly  grown  in  India,  while 
(.hina  claims  some  very  good  sweet  forms.  Even  the  sweet  forms,  however,  seldom 
contain  more  than  about  4%  of  sugar,  and  these  seem  to  contain  more  acid  than  the 
sour  form.  Firminger  s  Manual  refers  to  a  sweet  form  smaller  and  deep  green  even 
when  ripe,  in  contrast  with  the  rich,  translucent  yellow  of  the  ordinary  type,  without 
acidity,  but  of  very  inferior  flavour. 

Under  tropical  conditions,  the  carambola  may  flower  and  ripen  fruit  through¬ 
out  the  year,  and  Naik  reports  ripe  fruit  in  large  quantities  throughout  the  year,  with 
peaks  in  January-February  and  September-October.  In  northern  India  the  fruit 
seems  to  be  borne  mainly  in  the  cold  weather  and  spring.  The  flowers  are  borne 
profusely  in  the  rainy  season  and  winter,  but  under  some  conditions  little  fruit  sets 
until  after  the  rains.  There  is  some  evidence  that  cross-pollination  is  an  advantage, 
and  it  may  be  necessary  in  order  to  secure  good  crops.  Naik  reports  yields  of  100  to 
250  lbs.  per  tree  each  year.  The  fruit,  specially  of  the  sweet  type,  is  eaten  out  of 
hand,  and  in  China  is  well  esteemed.  The  ripe  fruits  are  said  to  resemble  the  quince 
in  scent  and  flavour.  The  juice  is  used  in  a  refreshing  drink.  Jam,  jelly,  and  pre¬ 
serves  are  made,  though  some  find  that  the  pulp  becomes  tough  when  cooked,  and 
others  that  cooking  imparts  an  unpleasant,  bitter  flavour.  Naik  reports  these  uses, 
and  also  the  manufacture  of  pickles,  and  the  use  of  the  fruit  as  a  substitute  for  the 
tamarind  in  the  preparation  of  various  foods.  The  acid  pulp  is  also  used  in  remov¬ 
ing  stains  from  linen  and  in  shining  brass. 

One  other  member  of  the  genus  is  also  grown,  Averrhoa  bilimbi.  Because 
of  the  shape  of  the  fruit,  which  is  about  an  inch  in  diameter  and  two  or  three  inches 
long  and  only  obscurely  angular,  it  is  sometimes  called  the  cucumber  tree,  Bilim- 
bing  and  bilimbi  are  other  names.  The  tree  is  more  tropical  than  the  carambola,  and 
the  fruit  is  too  sour  to  be  eaten  fresh,  but  is  pickled,  stewed  with  sugar,  or  preserved. 
Propagation  and  culture  are  similar  to  those  for  the  carambola. 

Phalsa 

As  has  been  seen,  phalsa  is  probably  a  native  of  India,  although  not  mentioned 
in  the  earliest  literature.  It  is  grown  in  many  parts  of  the  country,  but  nowhere 
attains  very  great  importance,  Chand  (1943)  reporting  only  190  acres  in  Uttar 
Pradesh.  While  it  is  quite  popular,  it  is  not  likely  to  be  grown  on  a  large  scale 
because  it  does  not  keep  well,  and  has  to  be  marketed  locally.  There  seems  to  be  an 
opportunity  for  increased  production  near  cities.  If  the  bottling  of  phalsa  juice 
or  syrup  is  developed  on  any  large  scale,  this  will  justify  a  corresponding  increase 

in  production. 

The  only  members  of  the  family  Tiliaceac  which  yield  edible  fruits  are  in  the 
genus  Crewia.  '  Of  these  the  most  important  is  the  phalsa  (sometimes  spelled  falsa) 
G.  asiatica.  Another  species,  G.  sapida,  is  mentioned  in  Firminger  s  Manual,  w  i  e 
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Wester  (1935)  records  three  other  species,  one  of  them  a  tree  of  medium  to  large 
size,  all  producing  edible  fruits,  but  none  cultivated  in  the  Philippines. 

Seedlings  are  most  commonly  grown,  the  seed  being  planted  when  the  crop 
is'harvested,  in  May,  or  in  the  rainy  season.  According  to  Mehra  (1932),  the  seed¬ 
lings  are  ready  to  transplant  the  following  January  or  February.  It  may  be  well  to 
wait  until  the  rainy  season,  and  the  plants  may  be  kept  in  the  nursery  for  another  year 
or  two.  Firminger’s  Manual  states  that  phalsa  is  easily  propagated  by  cuttings  during 
the  rainy  season,  but  in  the  Punjab  (Anon.,  1934  C)  this  was  found  difficult.  In 
the  Philippines  it  is  said  that  budding  is  successful,  using  mature,  brownish,  petioled 
bud  wood. 


As  ordinarily  grown,  the  plants  may  be  placed  about  10  feet  apart,  or  on  poor 
soil,  somewhat  closer  together.  Phalsa  is  not  particular  regarding  soil,  but  is  more 
productive  on  rich  soil  and  responds  to  manuring.  The  application  of  20  pounds 
of  farmyard  manure  to  each  plant  at  the  beginning  of  February  is  advocated  in  the 
Punjab.  Phalsa  is  drouth-resistant,  and  is  sometimes  grown  without  irrigation 
after  the  plants  are  established,  but  in  order  to  get  satisfactory  crops  it  is  necessary 
to  irrigate,  especially  during  the  period  of  January  to  May  when  growth  takes  place 
and  the  fruit  is  borne.  Irrigation  is  said  to  be  unnecessary  in  Madras. 


Pruning  is  a  very  important  operation  in  growing  phalsa,  and  in  North  India 
is  ordinarily  done  annually.  It  is  frequently  the  practice  to  prune  the  plants  prac¬ 
tically  to  the  level  of  the  ground,  and  in  some  places  the  process  is  completed  by 
burning  the  stalks  on  top  of  the  pruned  plant.  Such!  severe  treatment  is  undesirable. 
L.  Singh  and  S.  Singh  (1938)  have  shown  that  pruning  at  a  height  of  3J  to  4  feet  gave 
a  greater  number  of  shoots  and  a  much  higher  yield  than  pruning  at  1J  to  2  feet,  or 
at  just  above  the  ground.  Unpruned  bushes  were  found  to  yield  less  fruit  per  acre 
and  gradually  to  lose  vigour.  The  size  of  the  fruit  was  in  inverse  proportion  to  the 
yield,  but  the  smaller  Iruit  gave  juice  of  a  Higher  specific  gravity.  Similar  results, 
as  far  as  yields  are  concerned,  have  been  obtained  at  Allahabad.  Naik,  on  the  other 
hand,  says  that  in  the  South,  where  phalsa  is  a  relatively  new  introduction,  it  is  not 
pruned  to  a  bush  form,  and  the  plants  are  set  10  to  15  feet  apart. 


Diseases  and  insect  pests  are  of  comparatively  minor  importance.  The  bark- 
eatmg  caterpillar  may  cause  serious  damage.  Galls  are  formed  at  the  apices  of  the 
growing  shoots  by  a  blackish  caterpillar,  according  to  Lai  (1950). 


a  sa  is  deciduous,  but  is  slow  in  losing  its  leaves  in  regions  of  mild  winter 
Pruning  is  done  when  the  plants  are  about  to  lose  their  leaves,  in  the  middle  of  white 
and  new  growth  starts  almost  immediately.  If  pruning  is  done  early  in  Decembe, 

s: ;  ,hethnew,  grrh  ^ kii,ed  ■>«*  — yry  ir; ; 

mplele.  On  the  other  hand,  early  pruning  and  growth  does  not  seem  to  resu 
■n  earlier  ripening  of  the  fruit.  Pruning  may  , before  he  done  at  the  time  of  greate 
convenience,  during  December  or  January.  The  long  stems  which  are  removed  ma 
boused  for  supporting  garden  crops,  such  as  peas,  or  may  he  n^Tl“ 
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The  bark-eating  caterpillar  seems  to  be  the  only  serious  pest  of  the  phalsa 
but  it  may  attack  the  plants  in  large  numbers.  The  direct  damage  may  not  be  great’ 
but  the  phalsa  may  be  a  source  of  infection  for  other  plants.  This  is  one  disadvantage 
m  using  phalsa  as  an  intercrop  between  larger  trees  wheit  they  are  young,  a  purpose 
for  which  it  is  otherwise  quite  suitable. 

A  se\ere  leafspot  disease  has  been  observed  on  phalsa  at  Kanpur  and  else¬ 
where  in  Uttai  Pradesh  by  brivastava  and  Mehta  (1951).  It  is  caused  by  a  fungus 
described  by  them  as  Cercospora  grewiae. 

The  plants  begin  to  bear  a  year  or  twro  after  planting,  and  the  fruit  ripens  in 
the  hot  weather.  The  fruits  are  small,  and  ripen  gradually,  so  that  on  one  plant  only 
a  few  are  ready  to  pick  on  one  day.  This  means  going  over  the  plants  very  frequently. 
The  expense  of  harvesting  is  thus  comparatively  large.  The  fruit  does  not  keep  well, 
and  must  be  sold  within  twenty-four  hburs  of  picking.  Both  of  these  facts  favour 
the  selling  of  the  crop  to  a  contractor,  who  uses  his  children  or  other  low-paid  workers 
for  harvesting  and  marketing.  Even  so,  the  crop  is  quite  profitable.  Barakzai 
(1920)  reported  a  yield  of  20  to  25  pounds  per  plant.  In  the  Punjab  (Anon.,  1934  C) 
also,  the  yield  is  put  at  an  average  of  20  pounds  for  four-year-old  plants,  and  the 
price  is  given  as  three  annas  a  seer,  which  amounts  to  more  than  Rs.  800  an  acre. 
Naik  also  reports  an  average  yield  of  20  to  25  lbs.  per  plant,  but  this  would  mean 
less  per  acre  because  of  the  greater  distance  between  plants. 

The  fruit  is  used  very  largely  in  making  a  refreshing  drink.  Methods  of  pre¬ 
serving  the  juice  and  of  making  a  syrup  from  it  havte  been  worked  out  in  the  Punjab 
(Anon.,  1934  D).  Directions  for  the  preparation  of  squash  are  given  by  M.  Khan 
(1951).  He  recommends  extracting  the  juice  cold,  and  then  adding  water  to  the 
pomace,  heating  to  160°F.  and  extracting  again.  The  two  extractions  are  mixed,  sugar 
of  half  the  weight  of  the  fruit  is  added,  and  the  squash  is  bottled  and  pasteurized  for 
30  minutes  at  175-180°F.  Or  it  may  be  preserved  by  adding  0.1%  sodium  benzoate 
before  bottling.  For  home  use  he  recommends  that  the  fruit  be  crushed  and  strained. 
To  each  pound,  1  oz.  of  the  extract  ‘kiora’  is  added,  and  the  juice  is  placed  in  bottles 
filled  with  sugar  and  these  are  sealed. 


The  Genus  Phyllanthus 

Two  fruits  which  occur  wild  in  India,  and  are  indigenous  here  or  elsewhere 
n  southern  Asia,  are  species  of  the  genus  Phyllanthus ,  of  the  family  Euphorbiaceae. 
)ne  of  these,  V.  emblica,  is  commonly  known  as  aonla  (or  some-yanation  of  this  name) 
,r  in  South  India,  nelli,  rather  than  by  its  English  names,  emblica,  Indian  gooseberry, 
„,d  mvrobalan.  The  latter  name  is  unsatisfactory  as  it  is  also  used  for  the  fruits  of 
■ertain  species  of  Tcrminalia,  used  for  tanning,  and' for  Pmnus  cerastjeja  used  as  a 
notstock  in  temperate  countries.  The  other  species,  P.  aadus  (innchus)  is  known 
1S  lhe  Otaheite  gooseberry  or  star  gooseberry.  In  both  species,  the  leaves  are  sma  1 
tnd  are  arranged  in  two  rows  along  small  branches  some  of  whic  -  ec.  uous 
rhese  branches  thus  resemble  pinnately-compound  leaves.  As  the  fr  ^ 

,orne  on  these  branches,  in  the  case  of  the  aonla,  the  plant  appears  ^ 

Is  leaves,  giving  rise  to  the  name  of  the  genus,  which  means  leaf-flower  .  Naik  (1019) 
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also  mentions  a  third  species,  P.  fischeri,  found  in  the  forests  of  South  India,  which 
bears  fruits  suitable  for  pickling. 

Inarching  seems  less  satisfactory  than  budding,  according  to  L.  B.  Singh 
(1952)  who  was  able  to  detach  50  to  60%  of  the  grafts  successfully,  but  these  plants 
were  so  weak  that  only  about  half  of  them  survived.  Budding  in  early  June  in 
Saharanpur  gave  a  ‘take’  of  70%,  and  within  two  months  the  shoots  were  3  ft.  long. 

Both  P.  emblica  and  P.  acidus  are  occasionally  planted  in  gardens,  but 
are  not  grown  commercially  to  any  extent,  there  being  about  120  acres  of  aonla  in 
Uttar  Pradesh.  Little  is  known  as  to  the  best  soil  or  cultural  methods.  Propagation 
is  commonly  by  means  of  seed,  but  budding  and  the  use  of  cuttings  are  said  to  be 
successful.  Inarching  is  also  used.  Superior  types  of  the  aonla ,  with  comparatively 
large  fruit  are  known,  and  should  be  vegetatively  propagated.  The  wild  trees  are 
commonly  seen  in  the  lower  Himalayas,  as  well  as  in  forests  on  the  plains,  and  up  to 
4,000  feet  above  sea  level  in  the  southern  mountains. 


The  aonla  flowers  in  the  late  spring  and  the  fruit  ripens  in  the  winter,  while 
the  Otaheite  gooseberry  produces  two  crops,  one  in  April  or  May  and  the  other  at  the 
end  of  the  rainy  season.  At  Kodur,  however,  some  fruits  are  found  throughout  the 
year,  with  the  greatest  number  in  January.  In  both  species  the  fruit  is  too  sour  to 
be  eaten  raw,  but  is  esteemed  for  making  pickles,  preserves,  or  candy.  The  fruits  of 
the  Otaheite  grooseberry,  sliced  and  cooked  with  plenty  of  sugar,  are  said  by  Morton 
and  Morton  (1946)  to  turn  a  rich  ruby  red  and  to  be  delicious.  They  also  say  that 
with  enough  sugar  and  enough  cooking,  they  yield  a  fine  tangy  jelly.  The  aonla  is 
one  of  the  richest  natural  sources  of  vitamin  C.  The  fresh  juice,  according  to 
Aykroyd  (1941),  contains  about  20  times  as  much  of  the  vitamin  as  orange  juice. 
Most  of  this  is  lost  in  the  ordinary  method  of  pickling,  but  much  can  be  retained  by 
putting  the  fruit  in  boiling  water  for  a  few  minutes  and  then  in  a  heavy  salt  solution 
A  powder  made  by  mincing  the  fresh:  fruit,  drying  it  rapidly  in  the  sun,  and  then 
powdering  it,  may  contain  from  10  to  16  mg.  of  vitamin  C  per  gm.,  and  the  amount 
may  be  increased  considerably  by  refinements  of  the  process.  The  powder  has  been 
used  as  a  source  of  vitamin  C  for  soldiers  and  others  unable  to  secure  a  normal  diet 
Srmivasan  (1944)  states  that  early  reports  indicated  290  to  468  m".  of  vitamin  C 
per  100  g.,  but  that  later  workers  have  found  540  and  720  mg  in  the  fresh  nuln  d 

921  per  100  ml.  i„  Afresh  juice.  Li  and  Chou  (1948)  found  oX  283  to  4B 

per  100  g.,  somewhat  less  than  they  found  in  the  Chinese  jujube  but  more  tha  t  • 
as  much  as  in  the  guavas  they  tested.  J  ’  th  1  tW1C* 

Of  the  common  fruits  and  vegetables  of  Gujerat  tested  hv  KT  r  M  •,  j 
otlws  (1951)  the  aonla  had  the  highest  ascorbic  acid  content '  watsf  o  , 

100  g,  while  the  guavas  they  tested  contained  only  123.5.  °°  S'  Per 

The  Mulberry 
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portance  mainly  as  forage  for  silkworms,  and  Naik  (1949)  reports  70,000  acres  in 
Mysore,  20,000  in  Kollegal  taluk,  and  500  in  the  rest  of  Madras,  all  for  this  purpose. 
The  fruit  is  edible,  but  is  highly  perishable  and  seldom  reaches  the  market.  There 
are  a  number  of  species  of  the  genus  Morus  and  the  family  Moraceae  which  is  some¬ 
times  included  in  the  Urticaceae.  There  is  much  confusion  regarding  the  species  and 
\  ai  ieties  in  India.  At  the  Sericultural  Research  Station  at  Dum  Dum,  110  types  have 
been  collected  for  study,  according  to  Datta  (1940,  1941).  There  the  interest  is 
primarily  in  fodder  for  silkworms.  The  type  formerly  called  M.  indica  is  now  con¬ 
sidered  part  of  M.  alba,  the  white-fruited  species  mainly  used  for  silkworms  in  Europe 
and  Asia,  which  is  indigenous  to  China  where  it  was  mentioned  as  early  at  2690  B.C. 
The  fruit  of  M.  alba  is  also  used,  but  the  most  important  species  for  fruit  is  the  black 
mulberry,  M.  nigra,  which  is  less  hardy  to  cold.  Some  types  grow  into  large  trees, 
while  others  are  vigorous  bushes. 


Although  mulberries  may  be  propagated  from  seed,  it  is  preferable  to  use  cut¬ 
tings,  which  root  readily.  Hormones  may  be  used  to  encourage  rooting.  Shield  and 
ring  budding  and  inarching  may  also  be  used.  They  do  well  on  various  types  of  soil, 
and  seem  to  require  no  special  care.  Sturrock  (1940)  points  out  that  in  the  warm 
climate  of  Florida  the  mulberry  fruit  tends  to  be  smaller  than  in  cooler  regions,  and 
that  the  fruit  is  better  after  comparatively  cold  winters.  He  suggests  that  proper 
pruning  before  the  fruiting  season  causes  vigorous  growth  and  the  production  of  larger 
fruits.  The  climate  may  account  for  the  low  yield  which  Naik  reports  in  Madras, 
7  to  15  lbs.  per  unpruned  tree.  These  trees  are  not  manured,  but  for  fodder  for 
silkworms  the  plants  are  regularly  manured,  and  are  pruned  annually  from  the 
second  year.  They  are  planted  at  the  rate  of  4,000  an  acre. 

The  fruit  is  eaten  fresh  or  stewed,  or  made  into  juice.  In  Europe  it  is  also 
used  for  wine.  Sturrock  quotes  an  analysis  by  the  United  States  Department  of 
Agriculture  showing  about  9%  sugar  and  .95%  acid,  as  an  a\erage. 

The  Persimmon  or  Kaki 


Several  species  of  the  genus  Diospyros  bear  edible  fruit,  and  some  also  pro¬ 
duce  ebony,  the  black  tropical  hardwood  for  which  the  family,  the  Ebenaceae.  is 
famed.  Commercially,  the  value  of  the  wood  far  exceeds  that  of  the  fruit,  but  never¬ 
theless,  one  species  ranks  as  one  of  the  most  important  fruits  in  Japan  and  China. 
This  is  the  persimmon,  kaki,  kaki-persimmon,  keg  fig,  or  date  plum,  D.  kaki,  which  >s 
also  grown  commercially  in  the  United  States,  and  to  a  very  limited  extent  m  India 
Another  species,  D.  tomenwsa ,  the  tendu,  grows  wild  in  India  north  of  the  Godaven 
river  and  from  Bengal  to  the  Punjab.  The  fruit  is  eaten,  and  the  heartwood  ts  called 
a  type  of  ebony  and  is  used  for  making  small  articles  such  as  picture  frames.  Th 
and  D  melanoxylon,  the  Coromendel  ebony,  also  with  edible  ruit,  are  sal  y 
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fruit  is  only  of  fair  quality.  The  lotus  persimon  or  date  plum,  D.  lotus  which  is 
of  importance  as  a  rootstock  for  D.  kaki,  is  found  wild  in  the  Punjab,  according  to 
Chatterjee  and  Randhawa  (1952). 

The  persimmon  is  a  fruit  of  excellent  quality,  and  under  favourable  condi¬ 
tions  produces  heavy  crops.  It  prefers  a  mild  climate.  It  is  deciduous  and  flowers 
late  in  the  spring,  so  can  stand  a  good  deal  of  cold.  It  is  reported  to  tolerate  tem¬ 
peratures  as  low  as  0°F.  in  its  native  land,  China.  On  the  other  hand,  it  does  not 
require  as  Cool  winters  as  do  many  deciduous  trees.  But  high  summer  temperature, 
especially  with  low  humidity,  is  likely  to  cause  the  shedding  of  the  young  fruit,  the 
scorching  of  leaves,  and  the  blackening  of  the  fruit.  The  persimmon  can  be  grown 
in  the  hills  and  in  the  mild  areas  near  them,  and  according  to  Firminger's  Manual, 
thrives  and  hears  abundantly  near  Calcutta.  Khan  (1940)  reports  that  it  thrives  and 
bears  profusely  at  Jamalpur  in  the  Punjab,  where  the  temperature  does  not  ordinarily 
exceed  100°F.  and  the  annual  rainfall  is  about  50  inches,  but  that  the  quality  of  the 
fruit  is  not  excellent.  It  is  said  to  do  well  in  Kashmir  and  to  be  well  liked,  but  little 
grown  because  of  the  difficulty  of  propagation,  no  suitable  rootstock  having  been 
secured.  It  does  well  at  Coonoor  but  has  not  been  tried  sufficiently  in  other  parts  of 
South  India  to  justify  a  statement  as  to  the  possibilities  of  its  culture  there.  M<ore 
work  is  needed  to  determine  the  areas  where  it  can  be  grown  commercially.  The 
public  will  need  to  be  educated  as  to  how  to  use  the  fruit,  but  it  should  be  possible  to 
create  a  profitable  market  for  as  much  as  can  be  produced  in  the  country.  Inter¬ 
cropping  with  some  larger  tree  which  provides  some  shade  and  protection  from  wind, 
is  a  good  practice. 


Various  types  of  soils  have  proved  suitable  to  the  persimmon,  as  long  as 
drainage  is  good.  On  shallow  soils  the  trees  remain  smaller  and  come  into  bearing 
sooner  than  on  deep  soils.  The  soil  need  not  be  very  rich,  but  better  crops  are 
secured  where  plenty  of  nitrogen  is  available,  and  there  is  no  evidence  of  damage 
from  excessive  fertility. 


Many  excellent  varieties  exist,  and  may  be  propagated  by  whip  grafting  or  by 
budding.  Seedlings  of  the  same  species  are  commonly  used  in  Japan  but  in  China 
the  lotus  persimmon,  D.  lotus,  which  is  hardier,  is  preferred.  An  American  species, 
D  virginiana,  is  sometimes  used  where  drainage  is  poor.  Hodgson  (1940)  found 
that  the  Japanese  variety  Hachiya,  which  is  a  favourite  in  California,  is  invigorated 
by  D.  lotus  and I  this  results  in lan  excessive  shedding  of  immature  fruits.  Later 
Schroeder  (1947  B)  reports  that  during  two  years  this  combination  produced  more 
owers  but  less  than  half  as  many  fruits  as  the  same  variety  on  D.  kaki  rootstock.  He 

found  that  a  sat.sfactory  crop  results  if  4  to  5%  of  the  flowers  mature  fruits  hut  in 
hese  years  less  than  2%  did  so  on  D.  iotas.  On  D.  virginm  the  w^J^t “ 

factory  because  the  trees  were  small  and  the  bloom  scarce.  On  the  whole  Dkl 
seems  the  most  satisfactory  rootstock  in  California  with  ^  .  a  r  ’  D‘  *  k 

bility  than  either  of  the  others.  ’  '‘h  3  W‘der  ran8e  of 


The  persimmon  is  either  monoecious 
staminate  flowers,  and  are  of  no  commercial 
some  always  bear  both  kinds.  Then  there 


or  dioecious.  Some  trees  bear  only 
value.  Some  bear  only  pistillate  while 
are  some  which  always  bear  pistillate 
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flowers,  and  in  some  years  slaminate  also,  while  others  are  generally  monoecious 
m  sometimes  bear  only  staminate  flowers.  Commercially  the  purely  pistillate 
^Pe  IS  tllc  most  imPortant.  Many  ol  the  best  varieties  develop  seedless  fruits  with¬ 
out  pollination.  Morettini  (1948)  found  it  possible  to  increase  the  yield  of  pistillate 
varieties  by  hand  pollination,  but  hesitated  to  advocate  the  planting  of  pollinators 
because  of  the  danger  of  excessive  cropping  and  alternate  bearing.  Pollination 
influences  the  amount  of  fruit  fall  in  the  early  summer,  but  Kadiura  (1944)  points 
out  that  in  some  \arieties  there  is  another  drop  in  late  summer  which  is  independent 
ot  pollination.  This  is  influenced  by  blossom  thinning,  ringing,  and  nitrogen  ferti¬ 
lization,  and  he  concludes  that  the  chief  cause  of  this  late  drop  is  competition  for  food 
matciials  between  new  root  growth  and  the  fruit.  If  pollination  is  needed,  a  monoe¬ 
cious  variety  may  be  grown  for  this  purpose.  In  some  varieties  the  flesh  is  light- 
coloured  when  seedless,  but  dark  when  seedy,  as  observed  by  Hume  (1914). 

The  trees  should  be  planted  15  to  30  feet  apart,  according  to  the  variety  and 
the  fertility  of  the  soil.  Water  requirements  are  moderate.  There  is  danger  of  the 
trees  breaking,  so  it  would  be  desirable  to  develop  strong  frameworks,  but  this  seems 
difficult  to  accomplish.  There  is  a  tendency  toward  alternate  bearing,  especially  in 
older  trees,  and  in  Japan  and  China  the  fruit  is  thinned  when  there  is  a  heavy  crop. 
The  fruit  is  borne  on  the  growth  of  the  previous  season  and  in  order  to  reduce  the  crop 
in  the  year  following  a  light  crop,  many  of  the  shoots  are  removed  in  the  autumn. 
Hodgson  and  Schroeder  (1947)  found  that  out  of  25  varieties  studied,  23  clearly 
exhibited  a  tendency  to  alternate  bearing,  but  this  seems  more  marked  in  some  than 
others.  Most  of  the  trees  started  alternate  bearing  with  the  first  large  crop  borne. 
Naik  (1949)  reports  that  at  Coonoor  light  pruning  has  increased  the  crop. 

Most  varieties  contain  tannin  and  are  astringent  until  fully  ripe  and  soft.  As 
they  cannot  be  kept  long,  or  handled  except  very  gently,  at  this  stage,  they  are  gener¬ 
ally  marketed  while  firm.  Persons  attempting  to  eat.  them  at  this  stage  decide  they 
do  not  like  them.  Astringency  has  long  been  removed  in  China  and  Japan  by  such 
methods  as  immersion  in  lime  water  and  enclosing  in  recently  emptied  wine  tubs. 
Ethylene  treatment  also  removes  astringency  and  leaves  the  fruit  firm.  About  1930 
four  varieties  were  imported  from  Japan  and  planted  at  Coonoor,  of  which  the  Dai 
Dai  Maru  and  an  un-named  variety  are  considered  more  promising  than  the  Tenanashi 
and  Hyakume.  All  are  astringent  which  interfered  with’  their  introduction  to 
the  market.  Rao  (1945A)  found  little  satisfaction  in  any  of  the  methods  used  to 
remove  the  astringency:  pricking  with  a  needle,  piercing  with  a  knife,  incense,  hot 
water,  and  lime  water.  P,y  chance  it  was  noticed  that  persimmons  stored  with 
KiefTer  pears  quickly  lost  their  astringency.  Later  Nayar  and  Shetty  (1949)  foun 
that  similar  results  could  be  secured  with  tomatoes,  mangosteens,  passion  fruit,  cape 
gooseberries,  or  more  slowly,  with  bananas.  The  treated  fruit  lost  its  astringency 
in  3  to  5  days,  the  untreated  in  about  21  days,  with  much  decay  if  the  fruit  was  at  a 
bruised.  It  is  known  that  ripening  fruit  gives  off  ethylene  and  other  gases  vv  nci 
probably  bring  about  the  change  in  the  persimmons.  There  are  some  varieties  w  uc 
never  are  astringent,  and  which  may  be  eaten  while  quite  firm,  but  in  all  cases  the 

quality  is  better  after  the  fruit  is  soft. 
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The  ripe  fruit  is  two  or  three  inches  in  diameter,  from  yellow  to  tomato-red 
and  with  a  smooth  thin  skin.  It  is  very  sweet,  with  a  sugar  content  ranging  from 
14  to  18%  in  good  varieties.  It  is  mainly  eaten  as  dessert  fruit,  but  is  also  used  in 
cooking.  In  China  the  fruits  are  exposed  and  allowed  to  freeze,  in  which  condition 
they  keep  very  well,  and  both  there  and  in  Japan  they  are  frequently  dried. 

The  Bael  and  the  Wood  Apple 

Although  belonging  to  different  genera  of  the  family  Rutaceae,  the  bael  and 
the  wood  apple  or  elephant  apple  have  much  in  common.  Both  grow  wild  in  this 
country  and  are  considered  indigenous.  Both  are  found  in  gardens,  but  neither  is 
grown  systematically.  As  commonly  grown,  both  form  rather  slender,  tall  trees, 
and  if  planted  in  orchards  may  be  placed  about  30  to  35  feet  apart.  Both  have  fruits 
with  very  hard  rinds,  the  bael  being  somewhat  larger  than  the  wood  apple.  The  bael 
is  Acgle  inarmelos  while  the  wood  apple  is  Lirnonia  acidissima  [ Feronia  limpnia 
( elephantum )  ]. 

Both  trees  are  ordinarily  propagated  from  seed,  although  root  cuttings  or  layers 
are  also  said  to  be  successful.  Fairchild  (1943)  states  that  the  bael  can  be  grafted 
on  a  number  of  related  plants:  Afraegle  gabonensis,  A.  chevlieri,  A.  paniculata,  and 
Swinglea  glutinosa.  Both  are  hardy  trees,  and  little  attention  has  been  given  them. 
The  pulp  of  the  fruit  is  not  of  an  attractive  consistency,  but  is  eaten  by  many. 
Named  varieties  are  not  commonly  grown,  but  there  is  considerable  variation  in  both 
the  size  and  the  quality  of  the  fruit,  and  superior  varieties  should  be  propagated  by 
vegetative  methods.  The  bael  is  considered  to  be  of  some  value  in  preventing  or 
treating  dysentery.  A  stiff  jelly  can  be  made  from  the  wood  apple,  but  the  flavour 
is  somewhat  harsh,  so  it  is  seldom  used  alone,  but  more  frequently  mixed  with  such 
fruits  as  the  guava.  Bhat  (1944),  however,  speaks  of  the  jelly  as  having  an  exceed- 
in%]y  a8reeable  flavour.  He  mentions  syrup  and  chutney  as  other  possible  products. 
He  refers  to  two  types  of  wood  apple,  one  with  fruit  larger  and  sweeter  than  the  other, 
and  states  that  the  ripe  pulp  contains  2.3%  acid  and  7.25%  sugars,  but  fails  to  men¬ 
tion  whether  this  is  the  sweet  or  sour  type. 


The  Genus  Flacourtia 

There  is  much  confusion  regarding  the  group  of  minor  fruits  in  the  genus 
j  Mosl  autl,°rities  place  the  genus  in  the  family  Flacourtiaceae,  but  Grant 

and  \S  dhams  put  it  in  the  Bixineae  and  Firminger’s  Manual  includes  it  there  and  in 
the  Rubiaceae.  The  species  best  known  in  India  is  F.  jangomas  (calaphracta) ,  the 
pan, ala,  a  native  of  ndia  or  Malaya.  But  Grant  and  Williams  use  the  name  paniala 
for  A.  inermis,  another  Malayan  species,  generally  known  as  the  lovi-lovi,  louvi 
r  tomi-tomi.  The  ramontchi,  governor’s  plum,  or  Madagascar  plum,  F.  indica 
( ramontchi ),  variously  said  to  be  indigenous  to  southern  Asia.  Madacascar.  or  Africa 
is  sometimes  considered  the  same  as  F.  scpiaria,  which  Firminger  gives  only  as  an 

a“t“:‘,er,ee  3nd  KandhaWa  (1952)  US?  the  le™  baiM  Wfc- 
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Difference  of  opinion  is  also  expressed  concerning  the  relative  quality  of  the 
different  species.  Each  species  seems  to  have  its  own  champions,  apparently  be¬ 
cause  of  the  great  variation  among  the  plants,  which  have  been  grown  almost  ex¬ 
clusively  fiom  seed.  Apparently  in  each  species  there  are  some  seedlings  which 
produce  comparatively  sweet  fruits  and  others  the  fruit  of  which  is  too  sour  to  be 
eaten  fresh.  There  seems,  therefore,  to  be  need  that  the  best  varieties  of  each 
be  propagated  by  vegetative  means,  and  tried  out  under  different  conditions  so  that 
the  best  may  be  selected  for  each  locality. 

Several  methods  of  vegetative  propagation  are  available.  The  paniala  may 
be  inarched  or  budded  on  seedlings  of  the  same  species.  Budding,  grafting  and 
the  use  of  layers  and  cuttings  are  reported  successful  on  other  species,  and  suckers 
are  said  to  be  used  in  the  case  of  one  species,  F.  rukam.  Vegetative  propagation 
is  particularly  desirable  because  the  genus  is  dioecious  except  for  F.  inermis,  and 
there  are  more  staminate  plants  among  seedlings  than  is  necessary. 

The  different  species  vary 'somewhat  in  size 'and  appearance,  but  are  small  to 
medium  trees,  with  a  spreading,  bushy  style  of  growth.  In  Ceylon  and  Java  it  is 
recommended  that  they  be  planted  at  least  40  feet  apart,  but  in  this  country  less 
distance  is  commonly  allowed.  All  except  F.  inermis  are  thorny  and  some,  such  as 
F.  ramontchi,  are  quite  ornamental,  with  glistening  green  leaves.  Some  pruning 
is  required  to  keep  the  plants  from  becoming  too  dense.  The  plants  are  somewhat 
drouth-resistant,  but  should  be  irrigated  while  the  fruit  is  being  developed,  unless 
there  is  rain. 


The  fruit  is  about  half  an  inch  to  an  inch  in  diameter  and  red  or  dark  purple. 
Some  of  the  better  types  are  sweet  enough  to  be  eaten  raw.  The  paniala  is  said  to 
be  greatly  improved  by  rolling  it  between  the  palms  before  eating.  Even  the  sour 
types  may  be  eaten  stewed  and  are  said  to  make  excellent  jams  and  jellies.  Hartley 
(1950)  states  that  in  Penang  the  trees  of  F .  inermis  yield  from  81  to  570  lbs.  a  year 
of  fruit  that  is  too  sour  and  astringent  to  be  eaten  raw,  but  which  is  used  in  pickles, 

jam,  and  jelly. 


The  Genus  Carissa 


: _ :  „„  f :  nltiPi-  r>rt  rp» 


s  one  of  the  best  fruits  for 
ing,  and  some  of  the  earliest 
Most  of  the  small  fruits, 


and  ripen  at  about 
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The  ripe  fruit  is  two  or  three  inches  in  diameter,  from  yellow  to  tomato-red 
and  with  a  smooth  thin  skin.  It  is  very  sweet,  with  a  sugar  content  langing  fiom 
14  to  18%  in  good  varieties.  It  is  mainly  eaten  as  dessert  fruit,  but  is  also  used  in 
cooking.  In  China  the  fruits  are  exposed  and  allowed  to  freeze,  in  which  condition 
they  keep  very  well,  and  both  there  and  in  Japan  they  are  frequently  dried. 

The  Bael  and  the  Wood  Apple 

Although  belonging  to  different  genera  of  the  family  Rutaceae,  the  bael  and 
the  wood  apple  or  elephant  apple  have  much  in  common.  Both  grow  wild  in  this 
country  and  are  considered  indigenous.  Both  are  found  in  gardens,  but  neither  is 
grown  systematically.  As  commonly  grown,  both  form  rather  slender,  tall  trees, 
and  if  planted  in  orchards  may  be  placed  about  30  to  35  feet  apart.  Both  have  fruits 
with  very  hard  rinds,  the  bael  being  somewhat  larger  than  the  wood  apple.  The  bael 
is  Aeglc  marmelos  while  the  wood  apple  is  Limonia  acidissima  [ Feronia  limonia 
( elephantum )  ]. 

Both  trees  are  ordinarily  propagated  from  seed,  although  root  cuttings  or  layers 
are  also  said  to  be  successful.  Fairchild  (1943)  states  that  the  bael  can  be  grafted 
on  a  number  of  related  plants:  Afraegle  gabonensis,  A.  chevlieri,  A.  paniculate i,  and 
Swinglea  glutinosa.  Both  are  hardy  trees,  and  little  attention  has  been  given  them. 
The  pulp  of  the  fruit  is  not  of  an  attractive  consistency,  but  is  eaten  by  many. 
Named  varieties  are  not  commonly  grown,  but  there  is  considerable  variation  in  both 
the  size  and  the  quality  of  the  fruit,  and  superior  varieties  should  be  propagated  by 
vegetative  methods.  The  bael  is  considered  to  be  of  some  value  in  preventing  or 
treating  dysentery.  A  stiff  jelly  can  be  made  from  the  wood  apple,  but  the  flavour 
is  somewhat  harsh,  so  it  is  seldom  used  alone,  but  more  frequently  mixed  with  such 
fruits  as  the  guava.  Bhat  (1944),  however,  speaks  of  the  jelly  as  having  an  exceed¬ 
ingly  agreeable  flavour.  He  mentions  syrup  and  chutney  as  other  possible  products. 
He  refers  to  two  types  of  wood  apple,  one  with  fruit  larger  and  sweeter  than  the  other, 
and  states  that  the  ripe  pulp  contains  2.3%  acid  and  7.25%  sugars,  but  fails  to  men¬ 
tion  whether  this  is  the  sweet  or  sour  type. 


The  Genus  Flacourtia 

There  is  much  confusion  regarding  the  group  of  minor  fruits  in  the  genus 

M°St  au,horities  I,lacc  lhe  Stilus  in  the  family  Flacourtiaeeae,  hut  Grant 
and  VS  ilhams  put  it  in  the  Bixineae  and  Firminger’s  Manual  includes  it  there  and  in 
he  Rubiaceae.  The  species  best  known  in  India  is  F.  jangomas  (cataphracta) ,  the 
.in  la,  a  native  of  India i  or  Malaya.  But  Grant  and  Williams  use  the  name  paniala 
for  /,  inermls,  another  Malayan  species,  generally  known  as  the  lovi-lovi,  louvi 
tomitomi.  The  ramontchi,  governor’s  plum,  or  Madagascar  plum,  F  indica 
(ramontchi) ,  variously  said  to  be  indigenous  to  southern  Asia.  Mada^.  or' Africa 
IS  sometimes  considered  the  same  as  F.  sepiaria,  which  Firminger  gives  only  as  an’ 

“t“:tterjee  and  Randl’aWa  (1952)  ^  both  F .  indica 
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trouble  is  seems  questionable,  as  the  tree  withstands  at  least  ten  degrees  of  frost,  except 
ten  in  flower,  and  also  very  high  temperatures.  It  enjoys  a  dry  climate,  and  is 
lery  drouth-resistant.  It  seems  reasonable  to  expect  that  some  place  in  India  will 
be  found  where  the  trees  will  produce  commercial  crops.  Experiments  have  been 

carried  on  in  the  Punjab,  Pakistan,  where  varieties  imported  from  Europe  and  Cali- 
fornia  are  being  grown. 

The  cultivated  olive,  Olea  europaea,  of  the  family  Oleaceae,  is  thought  to  be 
native  to  the  Mediterranean  region,  where  it  has  been  cultivated  from  very  early  times. 
The  species  O.  cuspidata  grows  in  large  numbers  in  the  lower  Himalayas,  parti¬ 
cularly  in  the  Murree  hills.  The  fruit  is  worthless.  About  600  of  these  wild  trees 
have  been  top-worked  with  imported  varieties,  and  are  growing  successfully,  but 
it  lemains  to  be  seen  whether  or  not  they  bgar  well.  If  they  do,  hundreds  of  thou¬ 
sands  of  wild  trees  can  be  top-worked,  and  a  considerable  industry  started. 

The  olive  differs  from  most  fruits,  in  that  it  is  oily,  not  sweet,  and  in  its  fresh 
state,  extremely  bitter.  Both  green  and  ripe  olives  are  pickled  by  several  rather 
complicated  processes,  and  the  products  are  very  nutritious  food.  The  taste  for  them 
is  generally  acquired,  however.  Large  amounts  of  olive  oil  are  expressed,  as  in 
Europe  this  is  considered  one  of  the  best  cooking  oils. 

The  Mangosteen 

One  of  the  most  delicious  of  tropical  fruits  is  the  mangosteen,  Garcinia  mango- 
stana,  of  the  family  Guttiferae,  and  it  is  to  be  hoped  that  its  culture  in  this  country 
will  spread  beyond  the  25  acres  or  so  reported  by  Naik  (1949)  on  the  lower  slopes 
of  the  Nilgiris  and  near  Courtallam  in  Tinnevelly  district.  It  is  indigenous  to  the 
East  Indies,  and  according  to  Hume  (1947),  is  also  grown  in  the  southern  islands  of 
the  Philippines,  Burma,  Malaya,  Cochin  China,  Siam,  Ceylon,  and  in  a  few  orchards 
in  the  West  Indies  and  continental  tropical  America.  Attempts  to  grow  it  in  slightly 
cooler  climates  such  as  the  northern  Philippines  and  Florida  have  failed.  In  the 
tropics  it  is  grown  at  altitudes  up  to  1,500  feet,  but  is  at  its  best  near  sea  level.  It 
needs  either  heavy  and  well  distributed  rainfall  or  plenty  of  irrigation,  and  a  water 
table  within  6  feet  of  the  surface  is  considered  desirable.  But  drainage  is  also  neces¬ 
sary.  Soil  with  a  high  organic  matter  content  is  important,  as  is  protection  from  the 
wind. 

Although  ‘seedling’  trees  are  commonly  grown,  the  mangosteen  has  no  true 
seed.  The  fruits  generally  contain  one  or  two  ‘seeds’,  but  fecundation  does  not  take 
place  and  growth  is  from  primitive  adventitious  embryos  or  hypocotyl-tubercles.^ 
According  to  Hume  and  Cobin  (1946),  swellings  occur  on  opposite  ends  of  the  ‘seed’ 
and  the  shoot  comes  from  one  and  the  root  from  the  other.  The  original  root  usually 
dies,  and  is  replaced  by  a  root  system  from  the  base  of  the  stem.  There  aie  no  root 
hairs.  From  the  time  the  food  reserves  are  exhausted  until  the  second  root  system 
is  established,  the  plant  is  in  difficulty  and  growth  may  stop,  sometimes  for  severa 
vears.  Best  results  are  secured  from  the  larger  seeds.  Naik  reports  the  occurrence 
of  polyembryony,  with  21  extra  seedlings  from  384  seeds,  in  one  case.  This  is  not 
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important,  however,  as  all  of  the  embryos  are  vegetative  and  there  is  little,  if  any, 
variation  among  plants. 

Plump  seeds  should  be  sown  within  5  days  after  extraction,  but  they  may  be 
kept  from  3  to  5  weeks  in  the  fruit.  The  root  system  is  weak  and  deep,  making  trans¬ 
planting  difficult.  Cuttings  and  budding  are  said  to  be  fairly  successful,  and  Naik 
reports  almost  100%  success  in  side-grafting,  but  the  plants  failed  to  grow  well  in 
the  orchard.  A  number  of  related  plants  may  be  used  as  rootstocks  with  moderate 
success.  Inarching  on  seedlings'  of  G.  tinctoria  about  4  years  old  seemed  promising. 

The  young  trees  should  be  planted  in  the  orchard  not  later  than  two  years  after 
the  seed  is  sown,  according  to  Naik,  who  says  the  spacing  should  be  not  less  than  28 
feet  and  preferably  35.  Shade  is  necessary,  at  least  during  the  first  summer.  He 
recommends  the  same  irrigation  as  for  citrus,  and  no  pruning  except  the  removal  of 
dead  branches.  Heavy  applications  of  organic  manure  seem  necessary.  The  trees 
are  very  slow  in  coming  into  bearing.  Hume  says  that  in  Ceylon  they  may  begin  in 
8  or  9  years  after  planting,  but  that  more  frequently  it  is  10  to  20  years. 

In  Madras  the  main  crop  matures  from  August  to  October,  and  another,  gener- 
ally  lighter  crop  from  April  to  June.  Khan  (1946  A)  reports  a  five  year  average 
at  the  Kallar  and  Burliar  stations  of  from  18  to  620  fruits  per  tree,  averaging  220, 
while  Naik  (1949)  gives  a  higher  yield,  with  240  fruits  in  the  monsoon  and  160  in 
the  earlier  crop  at  Kallar,  and  a  still  higher  yield  at  Burliar,  1,000  feet  higher.  Better 
production  seems  to  be  secured  in  other  countries,  for  Hume  (1947)  indicates  that 
good  trees  yield  from  500  to  1.500  fruits  most  years. 

No  serious  insect  pest  is  known  in  India,  although  leaf-eating  caterpillars  may 

require  hand  picking.  The  only  disease  of  any  importance  is  a  physiological  one, 
called  gamboge. 


,  .  °ther  SPeCieS’  G ■  tinct°ria,  C.  cambogia,  and  G.  indica,  all  yielding  edible 

iruit  of  inferior  quality,  are  found  in  South  India 

ously  retfet“re  b0rne  °n  Sh00lS  m°re  than  lW°  0,d’  P™**  “T  ^ 


Other  Tropical  Fruits 

Many  people  live  where  durions  are  available  for  years  without  ever  fasti., <r 
one,  while  their  neighbours  regard  them  as  the  most  delicious  of  all  fruits  Even 
le  enthusiasts  admit  that  the  odour  of  the  fruit  is  not  only  strong  hut  very  unpleasant 
The  trees  are  tall,  and  the  fruits  have  a  hard  shell  armed  with  numerous  h 
protuberances.  As  they  may  wei°ii  about  5  lbs  pa  L  a  c  i,  .  ’  P  lnted 

Hpe,  they  are  dangerous  to  ar^i^  ^  ^  ^ 

slight  resemblance  between  the  durio  and  the  iack  rui,  tl  A  *5™  ‘S  3 

durion  is  Durio  Mnus,  of  the  family  Bombacatae  "  The 

mois,ulhri^rte,Lr^h!rfthtraosphere  an;!  rich  soit  with 

says  there  are  probably  not  more  than  100  treT ^ Sft.  ^  (1949> 
-o  cuhure  of  this  fruit  may  be  expected  if  enough  p^aL  ^ “  £ 
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rich  flavour.  They  are  commonly  grown  from  seed,  but  inarching  is  feasible.  Naik 
suggests  a  spacing  of  30  to  40  feet,  and  says  that  they  come  into  bearing  in  9  to  12 
years.  In  some  countries  it  is  reported  that  seedling  trees  start  bearing  at  the  age 
of  5  years.  Son^e  of  the  trees  seem  to  be  sterile,  but  Naik  says  that  most  will  bear 
about  45  fruits  each  annually. 

In  South  India  the  durian  is  said  by  Khan  and  Rao  (1952)  to  come  into  bear¬ 
ing  only  after  13  to  21  years.  They  are  therefore  trying  to  find  a  satisfactory  method 
of  vegetative  propagation.  Although  they  succeeded  with  inarching,  especially  in 
October,  the  grafts  had  to  remain  on  the  trees  for  many  months. 


The  langsat,  Lansium  domesticum ,  of  the  family  Meliaceae,  is  another  excellent 
Malayan  fruit,  the  culture  of  which  in  India  may  be  extended.  Naik  reports  only 
stray  trees  at  Burliar,  producing  about  30  lbs.  each  of  very  good  fruit  each  year. 


A  fruit  of  great  importance  in  tropical  America  the  cultivation  of  which  may 
be  extended  in  India  is  the  avocado.  Naik  says  that  it  is  now  grown  in  only  a  few 
orchards  at  Bangalore  and  the  lower  hill  areas,  and  thrives  under  the  same  conditions 
of  soil  and  climate  as  the  mangosteen.  It  will  grow  on  the  plains  also,  but  not  as 
well  as  at  higher  altitudes.  It  is  more  tender  to  frost  than  most  citius  fruits,  although 
it  is  grown  to  a  considerable  extent  in  the  mild  subtropical  regions  of  California  and 
Florida.  It  probably  will  not  survive  the  hot  dry  conditions  of  summer  in  northern 
India.  Rangacharlu  (1951)  recommends  planting  the  trees  25  to  30  feet  apart,  and 
states  that  the  annual  yield  per  tree  at  Kallar  and  Burliar  is  from  100  to  200  fruits. 
Trees  near  Madras  also  yield  150  to  200  fruits,  although  it  is  said  that  they  prefer  a 
cooler  moister  climate  than  exists  in  this  aiea. 


The  avocado  was  introduced  into  the  botanical  garden  at  Bangalore  in  1819, 
according  to  Gowda  (1952),  but  is  still  grown  only  as  scattered  trees  in  that  area. 
Eleven  varieties,  foreign  and  local,  are  said  to  grow  well,  and  their  cultivation  can 
be  extended  as  the  market  justifies.  There  has  been  very  little  demand  for  the  fruit 
Bearing  starts  when  the  trees  are  about  five  years  old,  and  a  good  crop  is  considered 
50  to  60  large  or  200  to  300  medium  sized  fruits  per  mature  tree.  I  .opaga no.  y 
shield  budding  is  recommended.  The  West  Indian  varieties  do  well  at  elevations  o 
from  1,000  to  3,000  ft.,  and  the  Mexican  varieties  higher,  but  bot  reqmie 

atmosphere.  .  ,  . 

The  avocado  differs  from  most  fruits  in  that  it  is  neither  sweet  "“)“**• 
has  a  high  oil  content  and  also  contains  considerable  protein  so  it  would  be  a 

vahiabte addition  to  the  Indian  diet.  In  tropica,  t 

along  with  bread  may  make  a  satisfactory  meal,  while  in  the  ,n.ted 

-  — *  -  "■»  rrzrjzz 

preferred  classification,  according  to  o  hidian  and  Guatemalan 

If  the  fruit  and  its  classification,  is  that  which  makes  the  West  Indian 

raceT P.  americana,  and  the  Mexican  race  variety  drynujoha  of  that  species. 
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Chapter  xxv 

THE  TEMPERATE  FRUITS 

The  fruits  which  are  of  such  great  importance  in  the  temperate  zones  of  the 
world  can  be  grown  only  in  limited  areas  of  India.  These  areas  are  mainly  m  and 
near  the  Himalayas  and  in  some  of  them  fruit  growing  is  an  important  industry. 
Difficulty  in  transporting  the  fruit  to  the  market  has  prevented  the  growing  of  iruit 
on  much  land  which  is  well  adapted  to  it.  With  improved  facilities  for  shipping, 
the  industry  will  probably  continue  to  expand. 

At  the  western  end  of  the  Himalayas,  Kashmir  has  about  18,400  acres  of  fruit, 
all  temperate,  according  to  L.  Singh  and  Singh  (1939).  The  main  fruits  are  apples, 
walnuts,  apricots,  pears,  cherries,  plums,  peaches,  and  quinces.  Some  types  of  fruits 
have  been  grown  there  for  centuries,  but  the  modern  industry  was  greatly  encouraged 
by  the  introduction  of  many  varieties  from  France  and  other  foreign  countries  by  M. 
Pychard,  the  Frenchman  who  was  Director  of  Agriculture  from  about  1910  to  1920. 
Some  trees  had  been  imported  a  little  earlier,  for  it  is  said  that  the  San  Jose  scale  was 
introduced  on  nursery  plants  from  France  in  about  1906.  The  State  has  been  actively 
encouraging  the  development  of  the  industry,  particularly  with  reference  to  the  con¬ 
trol  of  San  Jose  scale  and  the  provision  of  cheap  and  reliable  nursery  stock.  That 
the  plants  supplied  in  large  numbers  were  cheap  cannot  be  denied,  for  at  first  they 
were  given  free,  in  1946  at  one  anna  each,  and  in  1947  at  4  annas  each,  which  was  said 
to  cover  the  cost  of  production.  Possibly,  however,  more  money  might  have  been 
spent  to  secure  more  reliable  plants,  with  more  satisfaction  to  the  growers.  That  the 
industry  is  fairly  profitable  is  indicated  by  the  reported  sale  of  the  crop  of  24,000 
trees  in  1946  for  Rs.  167,000.  There  were  four  canning  factories  in  operation  in  1947, 
but  because  of  the  high  cost  of  sugar  and  tins,  and  of  transporting  the  product  to  the 
markets  on  the  plains,  competition  with  foreign  products  was  very  severe.  Some  fruit 
is  also  grown  in  the  Muree  hills,  near  the  boundary  of  Kashmir.  Ali  (1934)  reported 
an  effort  to  increase  plantings  here,  beginning  in  1930.  Later  Ali  (1948)  reported 
that  there  were  about  200  acres  of  the  following  fruits,  in  the  order  of  their  success  in 
this  area:  walnuts,  apples,  pears,  plums,  apricots.-almonds  and  loquats. 

The  Kulu  valley,  between  Kashmir  and  Simla  in  the  Punjab  hills,  is  famous 
for  apples,  but  the  acreage  is  probably  not  much  more  than  200  acres.  The  valley  is 
about  35  miles  long,  and  the  elevation  ranges  from  about  3,500  to  8,000  feet.  Of 
45,972  acies  under  cultivation,  most  of  which  would  be  well  suited  to  fruit  growing, 
only  223  acres  are  actually  in  fruit,  according  to  Mahngar  (1946).  Fruit  was  first 
planted  there  by  Europeans  about  1870,  and  some  of  the  best  and  largest  orchards 
were  started  by  Europeans.  The  fruit  from  these  orchards  is  mainly  sold  directly 
to  consumers,  at  a  large  profit,  while  the  small  producer  sells  at  low  rates  to  a  con¬ 
tractor  or  one  of  the  big  growers.  Transportation  to  the  plains  is  expensive.  A 
large  part  of  the  crop  is  shipped  by  parcel  post,  13,573  parcels  of  about  10  lbs.  each 
having  been  mailed  from  July  to  November,  1945,  while  ‘several  hundred  maunds’ 
were  shtpped  by  railway  out-agent.  This  system  of  marketing  seems  to  encourage 
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the  growing  of  many  varieties,  for  Mahngar  lists  as  the  chief  commercial  varieties,  21 
apples,  11  pears,  9  plums,  6  cherries,  6  persimmons,  and  4  walnuts.  This  means  an 
average  of  about  4  acres  per  variety. 

In  the  interior  of  the  Simla  hills  a  small  area  is  suitable,  and  some  fruit  has 
been  grown  there  for  about  100  years.  There  was  little  development,  according  to 
Kalra  (1947)  until  S.  C.  Stokes  imported  trees  from  the  United  States  in  1917-18. 
More  rapid  progress  came  after  the  agricultural  department  started  work  in  1934. 
Ten  years  later  there  were  146  acres  in  Kotgarh  ilaca,  and  another  40  acres  in  other 
parts  of  what  was  British  India,  out  of  a  total  of  9,667  acres  under  cultivation,  much 
of  which  is  well  suited  to  fruit.  About  three-fourths  of  the  area  under  fruit  is  under 
apples,  but  pear,  cherry,  apricot,  plum,  and  peach  trees  are  also  grown,  and  in  the 
lower  areas  some  citrus  and  other  subtropicals.  In  spite  of  the  difficulty  of  trans¬ 
port  into  Simla,  which  cost  Rs.  -3  per  case  of  apples  in  1940  and  Rs.  9  in  1944,  the 
industry  is  profitable,  for  the  fruit  sold  for  an  average  price  of  Rs.  14  in  1940  and 
Rs.  36  in  1944.  In  1944  the  average  price  of  the  fruit  sold  to  contractors  on  the  trees 
was  about  Rs.  1.400  per  acre.  It  was  expected  that  profits  would  be  less,  but  con¬ 
tinue  satisfactory  for  at  least  20  years.  In  the  mountainous  parts  of  Patiala  State  there 
is  some  suitable  land,  and  efforts  to  develop  a  fruit  industry  there  have  been  started. 
An  extensive  variety  trial  has  been  carried  out,  and  Varma  (1949  B)  states  that  it  has 
been  proved  that  in  this  area  there  is  room  for  planting  a  million  fruit  trees  on  the 
edges  of  terraces,  where  they  will  help  prevent  erosion,  and  in  other  places  where  they 
will  not  occupy  land  now  used  for  other  crops.  About  10,000  trees  had  already 
been  distributed. 


An  industry  of  considerable  importance  exists  in  the  Kumaun  hills  and  else¬ 
where  in  Uttar  Pradesh.  According  to  one  estimate  (Anon.,  1940  B),  there  were 
about  2,468  acres  of  temperate  fruits  in  U.  P.  in  1940,  of  which  more  than  70  per 
cent  were  apples,  with  smaller  amounts  of  peaches,  plums,  apricots,  cherries,  and 
pears.  Chand  (1943),  however,  reports  6,259  acres  of  temperate  fruits  in  the  dis¬ 
tricts  of  Naini  Tal,  Almora  and  Garhwal.  Much  of  the  area  was  not  yet  in  full  bear¬ 
ing  in  1942,  and  the  industry  was  being  extended.  The  Fruit  Experiment  Station  at 
Chaubattia  is  investigating  problems  connected  with  temperate  fruits,  and  encouraging 
the  development  of  the  industry  on  proper  lines. 


All  of  these  mountain  areas  have  certain  problems  in  common.  One  is  that  of 
transport  to  market  which  remains  expensive  in  most  places  although  the  extension  of 
motorable  roads  is  helping.  Another  is  that  of  erosion.  Varma  (19-19  B)  estimates 
that  about  2.000  acres  of  land  has  gone  out  of  cultivation  in  Patiala  in  the  last  25  years 
because  of  this.  But  he  says  that  if  orchards  are  planted  on  terraces  with  a  reverse 
slope  and  proper  drains,  and  green  manure  is  grown  during  the  monsoon  season,  very 
httle  erosion  ,'akes  place.  He  mentions  an  apple  orchard  a,  Chad  St,,  m  good  cond, 
tion  after  50  years.  Stone  walls  are  not  considered  necessary  there.  In  kumaun 
many  of  the  orchards  are  terraced,  but  with  a  slight  down-hill  slope,  and  it  is  estimated 
that  about  600  acres  of  orchard  land  has  been  ruined  for  any  sort  of  cultiva  . 
Efforts  are  being  made  at  Chaubattia  to  discover  practicable  methods  of  reclaiming, 
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such  land.  Hail  is  a  serious  hazard  in  many  places,  and  Varma  (1946,  1949  II)  con¬ 
siders  this  the  worst  problem  in  Patiala,  where  some  damage  had  occurred  every  year 
for  ten  years.  He  considers  the  second  most  severe  handicap  the  long  rainy  season 
which  delays  maturity,  decreases  the  sweetness  of  the  fruit,  and  increases  the  damage 
done  by  disease  and  pests.  The  third  problem  was  that  of  insect  control,  although 
damage  had  been  severe  in  only  two  out  of  10  years.  He  also  points  out  the  danger  of 
.frost  damage  in  October-November  and  March  unless  there  is  good  air-drainage.  He 
considers  it  unwise  to  have  low-growing  trees  or  hedges  at  the  lower  edge  of  an  orchard. 

Outside  the  Himalayan  range,  but  at  fairly  high  elevations,  temperate  fruits 
are  grown  in  Baluchistan,  around  Peshawar  and  in  the  Kurram  valley  of  the  North- 
West  Frontier  Province,  in  the  submontane  areas  of  the  Punjab  and  U.  P.  and  in 
Assam.  For  the  most  part,  the  fruits  grown  are  those  which  stand  warm  summers 
and  have  a  low  requirement  for  winter  cold,  such  as  the  peaches,  plums,  apricots,  and 
some  pears. 

Attempts  to  grow  temperate  fruits  in  the  low  hills  of  Madhya  Pradesh  have 

not  been  very  successful.  M.  P.  Singh  (1949)  relates  the  history  of  an  effort  made  in 

1922  when  many  varieties  of  pears,  apricots,  plums,  peaches,  and  figs  were  imported 

from  Australia  and  planted  at  Chhindwara,  at  an  elevation  of  2,240  feet.  Many  of 

the  trees  grew  well,  but  did  not  bear  stisfactorily,  and  in  1928  some  of  the  trees 

were  moved  to  Pachmarhi  which  has  an  elevation  of  3,300  feet.  The  peach  and  plum 

trees  have  survived,  but  do  not  produce  well.  At  least  one  persimmon  has  also 

survived.  Strawberries  and  raspberries  did  well,  but 'have  been  abandoned  for  lack 

of  a  market.  Singh  considers  the  heavy  summer  rains  the  greatest  obstacle  to  the 

growing  of  temperate  fruits  in  Madhya  Pradesh,  but  high  summer  temperatures  and 

insufficient  cool  weather  in  winter  also  interfere,  while  hail  and  frost  are  also  hazards. 

•  % 


In  the  hills  of  South  India,  particularly  in  the  Nilgiris  above  4,000  ft.  and 
around  Bangalore,  at  elevations  of  2,500  to  3,000  feet,  temperate  fruits  are  grown 
with  some  success.  Naik  (1949)  estimates  about  1,060  acres  of  pears,  apples,  and 
plums  in  South  India,  with  smaller  acreages  of  other  temperate  fruits.  Some  types 
are  occasionally  grown  in  the  warmer  parts  of  the  country,  but  are  generally  not  com¬ 
mercially  successful.  Bihar  reports  120  acres  of  pears. 


When  Rao  (1946)  estimated  that  temperate  fruits  occupied  26,800  acres  ant 
produced  about  81,000  tons  each  year,  he  was  including  a  considerable  acreage  it 
is  now  est  Pakistan.  Shah  (1947)  estimates  5,755  acres  of  pears,  peaches 

a  reTge3  NevThV"  t*'**  Fr°ntier  Pr0Vi"Ce’  “d  BaIuchis‘a"  has  a  larg, 

acreage.  Nevertheless,  „  would  seem  that  the  acreage  in  India  alone  must  be  an  nr  ox 

mately  what  Rao  estimated  for  the  undivided  country.  '  ‘ 

Most  of  the  temperate  fruits,  including  all  except  the  walnut  which  are  o 

hundretbgenera  "  ^  R“,  .»<•  to  about  five "f  it< 

has  been  and  remains  sonte^LtZtC  *  “  "0t  TP"Sin«  ,hat  tberi 

the  following  names  are  generally  accented  Th and  nomenclature,  bu 
48  }  ccepted,  The  most  important  fruit  in  the  grouj 
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is  undoubtedly  the  apple,  Mains  sylvestris  (mains).  The  apple  has  commonly  been 
included  with  the  pear  in  the  genus  Pyrus ,  calling  it  P.  malus.  Even  excluding 
the  apples,  there  are  more  than  30  species  of  Pyrus,  divided  into  two  groups.  The 
Oriental  pears  are  usually  characterized  by  deciduous  calyxes,  non-fleshy  pedicels, 
and  the  shape  of  an  apple,  while  the  Occidental  pears  usually  have  persistent  calyxes, 
fleshy  pedicels,  and  a  pyriform  shape.  P.  communis,  the  common  European  pear,  is 
undoubtedly  of  more  importance  than  all  the  other  species  put  together.  One  other 
western  species  is  cultivated,  P.  nivalis,  formerly  P.  sinensis  was  considered  to  cover 
all  of  the  cultivated  pears  of  eastern  Asia,  but  according  to  Lee  (1948)  these  are  now 
put  into  three  species:  P.  pyrifolia  (serotina) ,  the  sand  pear;  P.  bretschneidcri,  the 
Chinese  white  pear;  and  P.  ussuriensis ,  the  Ussurian  pear.  Of  these,  only  the  first 
is  grown  in  central  and  southern  China,  where  there  are  hundreds  of  named  varieties. 
It  seems  probable  that  the  nashpati  belongs  in  this  species.  Royle  (1839)  considered 
it  P.  sinica,  the  sand  pear,  introduced  from  China.  In  the  genus  malus  also  come  the 
crab-apples,  of  which  there  are  a  number  of  species. 


Chatter jee  and  Randhawa  (1952)  classify  the  nashpati  as  Pyrus  pyrifolia  var. 

culta. 


The  quince  is  Cydonia  oblonga  (vulgaris) .  The  Japanese  and  Chinese  quinces, 
which  are  grown  in  cold  regions  primarily  for  their  flowers,  belong  to  the  related 
genus  Chaenomeles. 

The  genus  Prunus  is  a  large  one,  and  is  sometimes  divided  into  several  genera. 
The  important  plums  are  of  two  types,  P.  domestica,  the  European,  and  P.  salicina, 
the  Japanese.  The  Bokhara  plum,  which  has  been  called  P.  bokharensis,  is  listed  by 
Naik  (1949)  under  P.  salicina,  but  according  to  Rashid  (1949)  it  is  a  variety  or  type 
of  P.  domestica.  The  apricot  is  P.  armeniaca.  The  almond  is  I1,  amygdalus  (com¬ 
munis)  and  the  peach  P.  pcrsica,  and  these  two  are  sometimes  separated  into  the  genus 
Amygdalus.  There  are  two  types  of  cherry,  the  sweet,  P.  avium  and  the  sour,  l. 
cerasus.  Many  other  species  yield  more  or.  less  edible  fruit. 


In  Europe  and  America  the  brambles  are  cultivated  to  a  considerable- extent. 
They  include  the  black  and  red  raspberries,  Rubus  occidental^  and  idaeus;  and  R. 
flagellaris  and  R.  allegheniensis,  forms  of  which  are  called  blackberries  and  dv.\> 
berries.  The  loganberry  was  long  suspected  of  being  a  blackberry-raspberry  cross, 
but  for  years  all  attempts  to  cross  these  species  failed,  but  finally  by  using  parents 
with  the  right  number  of  chromosomes,  crosses  were  made,  some  of  which  close  v 
resemble  the  loganberry.  Waldo  and  Darrow  (1948)  describe  this  work  and  con¬ 
clude  that  the  loganberry  is  such  a  cross.  It  had  previously  been  classi  e  as  . 
loganobaccus.  Some  other  hybrids  are  of  considerable  importance  in  t  e  n1^ 
States.  Some  of  these  have  been  introduced  into  India.  There  are  wil  species  in 
Himalayas,  and  Joshi  (1943)  speaks  of  the  possibility  of  improving  t  > 
fruited  hinsalu,  R.  ellipticus  and  the  dark-fruited  kalahinsalu,  R.  lasw™rPu*- 
latter  is  said  by  Gammie  and  Patwardhan  (1929)  to  be  cultivated  at  Mahablesh 
and  to  grow  wild  in  the  Western  Ghats,  Firminger’s  Manual  lists  two  species,  «. 
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rosaefolius,  the  Mauritius  raspberry,  and  K.  albescens  the  Mysore  raspberry  Both 
can  be  grown  on  the  plains  as  well  as  in  the  hills,  and  the  latter  is  satd  to  be  of  good 


quality.  * 

The  strawberry  is  of  more  importance,  and  is  cultivated  to  a  limited  extent 
on  the  plains  as  well  as  in  the  hills.  Small  wild  strawberries  occur  in  the  Himalayas 
and  in  several  other  parts  of  the  world,  and  some  of  them  are  more  tasty  than  the 
much  larger  cultivated  species.  Harrow  (1949)  states  that  the  cultivated  varieties  are 
all  octaploid,  and  that  into  them  have  entered  three  octaploid  species,  Fragana  vir- 
giniana,  F.  ovalis,  and  F.  chiloensis,  which  in  turn  may  have  originated  from  the 
diploid  F.  vesca,  and  perhaps  other  diploid  species.  He  suggests  that  the  less  striking 
flavour  of  the  large  cultivated  strawberries  is  due  to  their  origin  from  diploids  of  less 
flavour  than  the  best,  and  points  out  that  one  breeder  has  already  bred  the  desirable 
fragrance  of  F.  vesca  into  cultivated  varieties. 


V  T 


The  Apple 


The  apple  is  believed  to  have  originated  in  Europe  or  the  temperate  region 
of  western  Asia,  although  the  related  species  known  as  crab-apples  are  indigenous 
in  northern  Asia,  Europe  and  America.  Wild  forms  of  Malus  sylvestris  are  also  called 
crab-apples.  It  is  not  known  when  the  apple  was  introduced  into  the  cooler  parts 
of  India,  but  Mundy  mentioned  it  as  being  scarce  in  Agra  in  1632  (Temple  1914). 
In  Firminger’s  time  attempts  were  being  made  to  grow  apples  in  various  parts  of 
India,  and  good  fruits  were  reported  in  Bihar.  Experience,  however,  has  discouraged 
the  growing  of  apples  on  the  plains,  although  Barakzai  (1920)  reports  a  very  small 
but  apparently  profitable  industry  at  one  place  in  Sind,  where  crab-apples  are  grown 
primarily  for  the  making  of  preserves,  or  for  use  as  vegetables.  Few  apples  are 
grown  commercially  in  India  below  an  elevation  of  about  5,000  feet.  The  main 
exception  is  about  60  acres  at  below  3,000  feet  near  Bangalore,  and  a  total  of  about 
10  acres  above  4,000  feet  in  the  Nilgiris  and  other  Madras  hills. 


Apples  are  ordinarily  propagated  by  budding  or  grafting,  as  seedlings  are 
entirely  unsatisfactory,  and  rootage  is  very  difficult  in  most  varieties.  Seedling  root' 
stocks  are  most  commonly  used,  and  in  some  countries  types  are  available  which  are 
known  to  produce  satisfactory  trees,  and  to  vary  only  slightly.  In  Sind  and  arounc 
Bangalore  suckers  arising -from  the  roots  of  mature  plants  are  used.  A  great  dea 
of  work  has  been  done  on  the  vegetative  propagation  of  stocks  at  the  East  Mai  line 
Research  Station  in  England,  and  a  number  of  types  have’  been  selected  which  ca^ 
,  be  Pr°PaSaled  ea&1,y  by  mound  or  trench  layering.  The  effect  of  each  of  these  Mailing 
types  on  the  scion  worked  on  it  has  been  carefully  studied,  some  being  vigorous  anc 

iZ  R  S^Sin!^ 7l9in  tyPeS  HaVe  T  Sr°Wn  "  °‘her  countries’  includinS 

‘  ,  ;  .  S-  S,ngh  (1941)  rel,orts  tentatively  on  trials  of  these  and  other  stocks  a 

aubattia,  naming  six  as  appearing  promising.  One  of  these  is  a  species  -rowin' 
Wild  in  Kumaun.  Vegetatively  propagated  rootstocks  are  very  desirable  for^experi 
mental  work,  and  where  they  can  be  produced  at  a  cost  not  much  higher  than  seedhna 
or  where  no  sat.sfactory  seedling  strains  are  available,  they  4  be  advlntageou 
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for  commercial  orchards.  Singh  recommends  their  use  in  Kumaun.  U  N  Rao 
(1947),  however,  states  that  any  apple  available  is  used  in  Kumaon,  while  local  wild 
varieties  are  used  in  Kashmir  and  the  Kulu  valley,  and  because  of  its  resistance  to  the 
woolly  aphis,  the  variety  Northern  Spy  in  Bangalore.  Naik  (1949)  says  that  in 
Madras  the  most  promising  rootstocks  are  the  Merton,  another  series  developed  in 
England.  Pyrus  bacaia  grows  wild  around  Shillong  and  in  the  Naga  Hills  of  Assam 
and  is  said  to  be  compatible  with  the  apple  and  resistant  to  woolly  aphis. 

Equally  good  trQ.es  can  be  produced  by  budding  and  grafting,  and  both  are 
commonly  used.  Shield  budding  is  the  form  used,  while  various  types  of  grafting 
are  practised.  U.  N.  Rao  (1947)  states  that  shield  budding  is  universal  except  in  the 
Nilgiris,  where  it  gives  only  about  50%  success,  compared  with  nearly  100%  achieved 
with  whip  giafting.  But  grafting  is  also  used  in  Kashmir  and  to  a  considerable  extent 
in  Kumaun.  Singh  (1941)  prefers  budding  in  September,  with  or  without  the  wrood, 
to  grafting  in  March,  which  in  turn  is  better  than  budding  in  May.  Tongue  grafting 
is  the  form  most  commonly  used  in  Kumaun. 

The  size  to  which  an  apple  tree  will  grow,  and  therefore  the  distance  to  be 
allowed  between  trees,  depends  on  the  variety,  the  rootstock,  the  soil,  and  the  climate. 
In  Europe,  dwarf  trees  are  frequently  grown,  while  in  America  large  trees  are  com¬ 
mon,  and  are  planted  from  20  to  50  feet  apart.  In  India  most  of  the  trees  are  rathe* 
small,  even  when  not  purposely  dwarfed,  and  it  is  probably  sufficient  in  most  cases 
to  allow  20  to  25  feet,  as  recommended  by  Burns  (1939).  This  is  about  the  distance 
commonly  allowed  in  Kashmir.  ^  ith  more  vigorous  rootstocks  and  scions,  more 
space  may  be  justified.  On  the  other  hand,  in  South  India  dwarf  trees  are  grown,  and 
are  planted  10  to  15  feet  apart.  Apples  and  other  deciduous  fruits  are  planted  while 
dormant,  from  November  until  the  middle  of  February. 

Apples  are  grown  on  many  kinds  of  soil.  In  Kashmir  they  do  very  well  on 
deep,  organic  loams,  and  it  is  said  that  they  do  not  require  manuring.  The  soils  of 
Kulu  are  light  loams.  Das  (1947)  says  that  in  Kumaun  apples  do  best  on  brown  or 
reddish  brown  loams  at  least  four  feet  deep,  with  a  surface  layer  of  six  inches  to  a 
foot  of  organic  matter.  In  Mysore,  w'here  the  trees  are  small  and  short-lived,  they 
are  sometimes  planted  where  there  is  not  more  than  two  feet  of  soil  above  an  imper¬ 
vious  layer. 

Where  apples  are  planted  on  level  ground,  they  may  be  cultivated  in  much 
the  same  way  as  other  trees,  but  in  India  most  of  them  are  on  land  which  slopes  so 
steeply  that  clean  cultivation  would  result  in  excessive  erosion.  Frequently  the  land 
is  more  or  less  distinctly  terraced,  and  the  use  of  animals  in  cultivation  is  difficult  or 
impossible.  Under  such  conditions,  it  is  probably  wise  to  leave  most  of  the  soil  in 
sod  or  weeds  or  some  cover  crop,  but  to  dig  around  the  trees  so  as  to  prevent  the 
growth  of  weeds  during  the  summer.  Irrigation  may  be  necessary  for  the  first  year 
or  two,  and  available  water  is  a  good  insurance  against  drought  throughout  the  life 
of  the  orchard,  but  in  this  country  and  elsewhere,  most  apples  depend  on  rainta  . 
Burns  (1939)  recommends  mulching  with  leaves  or  grass  to  preserve  moisture  as 
well  as  to  provide  organic  matter.  He  also  advises  the  use  of  five  baskets  of  manuie 
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in  each  hole  at  the  time  of  planting,  and  Firminger’s  Manual  suggests  an  annua 
diessing  of  a  ton  of  farmyard  manure  with  400  pounds  of  bone  meal  and  800  pounds 
of  wood  ashes  per  acre.  This  amount  of  manure  is  seldom  available,  and  experi¬ 
ments  are  necessary  to  show  what  kitids  and  amounts  of  fertilizer  are  required.  Ex¬ 
periments  at  Chaubattia  seem  to  indicate  that  the  application  of  superphosphate  signi¬ 
ficantly  increases  growth  and  yield  on  some  rootstocks  while  neither  nitrogen  nor 
potash  has  any  marked  effect.  However,  Das  (1947)  recommends  10  cartloads  of 
farmyard  manure  or  compost  per  acre  per  annum.  On  micacious  soils,  which  are 
poorer  than  those  derived  from  slates,  he  advises  that  this  be  supplemented  with  bone 
meal  and  superphosphate.  If  the  soil  is  acid,  he  suggests  liming  it  once  in  five  years. 

Pruning  the  apple,  presents  a  very  complicated  problem.  The  best  solution 
depends  on  an  intelligent  understanding  of  the  variety,  the  environment,  and  the 
demands  of  the  market.  R.  S.  Singh  (1937)  states  that  the  open-centre  type  of  frame¬ 
work  is  the  only  one  used  extensively  in  India,  a-nd  although  he  says  that  most  of  the 
growers  are  ignorant  of  the  principles  of  pruning,  he  seems  satisfied  that  this  type  is 
best.  In  sections  of  Europe  where  the  trees  are  commonly  kept  small,  and  where 
there  is  not  much  sunshine,  it  is  frequently  preferred.  In  some  other  countries  it  has 
been  found  entirely  unsatisfactory,  resulting  in  too  small  a  tree  or  in  excessive  split¬ 
ting  of  the  branches.  In  Kashmir  the  open-centre  type  of  tree  is  preferred,  with  the 
lowest  branch  4  or  5  feet  from  the  ground  in  order  to  avoid  damage  from  cattle.  Naik 
(1949).  states  that  in  the  South  trees  in  commercial  orchards  are  trained  to  the  modified 
leader  form  although  in  home  gardens  they  are  sometimes  grown  on  cordons  6r  as 
espaliers. 


.  Apples  bear  mostly  on  very  short,  slow-growing  branches  known  as  spurs, 
although  some  varieties  produce  a  good  deal  of  fruit  on  the  tiyig  growth  of  the  pre¬ 
vious  season.  This  fact  needs  to  be  borne  in  mind  in  pruning  bearing  trees.  Prun¬ 
ing  which  removes  spurs  is  a  very  effective  method  of  reducing  the  number  of  fruits. 
R.  S.  Singh  (19o7)  outlines  and  recommends  a  method  of  pruning  by  which  the  lead¬ 
ing  branches  are  cut  back  from  a  third  to  a  half  of  their  length,  the  most  vigorous 
ones  receiving  the  least  severe  treatment.  This  encourages  the  buds  at  the  base°of  the 
branch  to  form  spurs,  while  those  near  the  tip  develop  into  shoots.  One  or  more  of 
the  stronger  shoots  is  allowed  to  take  the  lead,  while  weaker  shoots  are  cut  back  to  a 
length  of  three  or  four  inches  in  the  hope  that  they  will  form  spurs.  This  calls  for 
careful  and  laborious  pruning  each  winter.  Again  it  must  be  remembered  that 
different  varieties  grow  and  react  to  pruning  in  different  ways,  and  must  be  studied 
separately  Where  labour  is  expensive,  less  detailed  pruning  is  done.  In  some 
cases  good  results  can  be  had  by  removing  a  few  of  the  larger  branches  each  year 
This  may  be  necessary  where  annual  heading  back  is  practised,  in  order  to  keen  the 
tree  open  so  that  light  can  reach  the  fruit.  If  the  open-centre  type  of  framework  is 
used,  considerable  pruning  is  likely  to  be  necessary  to  keep  the  centre  open. 

ActuaHy,  m  most  parts  of  India  pruning  is  frequently  neglected,  and  it  is 
suggested  that  in  regions  subject  to  hail,  after  the  scaffold  branches  have  been  formed 
pinning  may  be  reduced  to  a  minimum  so  that  there  is  some  crowding,  and  the  Iona 
branches  hang  down  so  that  the  foliage  offers  more  protection  to  the  fruit. 
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Frequently  such  heavy  crops  of  apples  set  that  in  order  to  secure  satisfactory 
size  and  to  avoid  breakage  of  limbs,  thinning  is  necessary.  U.  N.  Rao  (1947)  says 
that  tins  is  standard  practice  in  the  Himalayan  regions.  He  refers  to  work  at  Chau- 
tatt.a  which  indicates  that  early  varieties  should  be  thinned  a  month  after  full  bloom 
while  the  time  may  be  extended  by  10  days  with  later  varieties.  The  early  varieties 
should  he  thinned  to  leave  one  fruit  to  30  leaves,  and  the  other  one  to  25. 

Apple  growing  around  bangalore  differs  in  several  respects  from  that  in  the 
Himalayas.  Apples  were  introduced  there  and  in  the  Nilgiri  hills  in  1820,  according 
to  Javaraya  (1943)  whio  states  that  an  outbreak  of  woolly  aphis  about  1897  destroyed 
practically  all  the  trees.  The  industry  has  revived  since*  1908,  *on  Northern  Spy 
rootstock,  which  is  resistant  to  the  aphis.  No  matter  how  the  trees  are  treated,  they 
are  dwarfed,  and  can  be  planted  15  or  20  feet  apart.  The  extreme  crowding  practised 
by  some  growers,  who  put  trees  5  or  6  feet  apart,  according  to  Aiyangar  and  Aiyangar 
(1930)  is  unwise.  Two  crops  a  year  are  borne.  The  peculiar  behaviour  of  the 
tree  is  probably  due  to  the  very  mild  climatic  conditions;  perhaps  nowhere  else  in 
the  world  are  apples  and  mangoes  grown  commercially  in  the  same  orchard.  Root 
pruning  is  practised  in  January  or  February  and  in  August  or  September,  and  the 
leaves  which  do  not  fall  are  stripped  off.  Spurs  are  kept  at  least  six  inches  apar% 
and  the  fruit  is  thinned  to  one  or  two  on  a  spur,  and  tied  to  a  strong  shoot  for  support. 
The  yield  is  from  4  to  12  dozen  per  tree,  giving  a  net  income  from  the  5th  to  the  10th 
year,  of  Rs.  800  an  acre  per  annum.  Collar  or  root  rot  ordinarily  makes  it  unprofit¬ 
able  to  keep  the  trees  more  than  12  years.  In  Order  to  protect  the  trees  from  collar 
rot,  the  most  serious  disease,  burnt  clay  collars  about  a  foot  and  a  half  in  diameter 
are  placed  around  the  trunk,  and  the  earth  inside  these  is  replaced  with  sand.  The 
roots  are  also  washed  with  Bordeaux  mixture. 


Hundreds  of  varieties  of  the  apple  are  grown  in  the  world  and  R.  S.  Singh 
(1942)  recommends  ten  for  India.  He  also  describes  and  recommends  desirable 
varieties  of  other  fruits.  The  most  popular  variety  in  Kashmir  is  the  Ambri,  which 
is  thought  to  have  been  introduced  from  central  Asia.  It  bears  well  and  its  sweet 
taste  makes  it  appeal  to  the  Indian  market.  Most  European  varieties  are  more  tart, 
and  these  are  largely  grown  in  all  the  other  producing  areas.  At  Bangalore  the  Rome 
Beauty,  a  variety  of  only  fair  quality,  seems  to  be  about  the  only  one  which  succeeds. 
U.  N.  Rao  (1947)  lists  28  varieties,  mostly  from  Great  Britain  and  the  United  States, 
which  are  grown  to  some  extent.  Naik  (1949)  describes  eight  promising  varieties 
selected  out  of  about  30  tested  at  Coonoor,  mainly  varieties  introduced  from  Australia. 
As  many  varieties  are  self-sterile,  care  must  be  taken  to  plant  inter-fertile  varieties  if 
any  self-sterile  variety  is  included  in  a  planting.  Naik  states  that  of  the  promising 
varieties  at  Coonoor  only  the  Irish  Peach  does  not  need  cross-pollination.  Vartna 
(1949  B)  gives  much  information  on  self-sterile  varieties  and  pollinizers  for  apples, 

pears,  and  plums. 


Apples  may  be  stored  in  good  condition  longer  than  most  fruits,  and  in  tem¬ 
perate  climates  are  regularly  kept  through  the  winter  and,  with  cold  storage,  well 
into  the  following  summer.  Much  research  work  has  been  done  on  preventing 
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various  types  of  decay  and  break-down  which  occur.  In  India  the  bulk  of  the  crop 
is  marketed  in  a  comparatively  short  season,  but  R.  S.  Singh  (1  • )  ldS  reP°J  e 

on  storage  experiments  in  Kumaun.  There  the  main  crop  ripens  about  a  month  before 
that  of  Kashmir,  which  floods  the  market  from  October  through  December.  Most 
of  the  crop  is  sold  during  this  season,  with  comparatively  little  profit,  and  it  would 
seem  desirable  to  store  much  of  the  crop  until  after  December.  Of  20  varieties  tried, 
seven  kept  through  January  with  no  special  precautions,  but  only  one  of  these,  the 
Rome  Beauty,  meets  the  market  requirements.  One  of  the  best  dessert  apples  is  the 
Delicious,  and  it  was  found  possible  to  keep  this  in  good  condition  through  January 
by  picking  it  at  maturity,  wrapping  it  in  paper  impregnated  with  linseed  oil  or  packing 
it  in  peat.  Wrapping  was  cheaper,  costing  about  one  rupee  for  a  bushel  of  apples. 
Small  fruits  kept  better  than  large  ones.  Best  results  were  secured  by  packing  the 
fruit  in  crates  and  placing  them  on  racks  in  a  masonry  godown  with  top  and  bottom 
ventilators  open  at  night  and  closed  during  the  day,  .with  the  floor  sprinkled  to  keep 
the  humidity  more  than  90%.  In  the  cold  storage  experiments  at  Poona,  it  was  found 
that  the  Ambri  from  Kashmir  and  the  Delicious  from  Chaubattia  kept  satisfactorily 
for  eight  months  at  32  or  35°F. 


Pests  and  Diseases  of  the  Apple 

Presumably  not  less  than  500  species  of  insects  attack  the  apple,  of  which 
about  40  have  been  recorded  in  India,  according  to  Isaac  and  Renjhen  (1946).  Some 
of  the  most  important  of  these  are  comparatively  recent  introductions,  and  there  is 
still  danger  of  their  spread  to  areas  now  free.  The  codling  (codlin)  moth.  Laspereysia 
( Cydia ,  Carpocapsa )  pomonella,  causes  great  damage  to  apples,  pears,  and  other 
fruits  in  many  countries.  The  egg  is  laid  on  the  very  young  fruit  and  the  larva  enters 
and  develops  inside  the  fruit,  which  is  then  called  ‘wormy’.  The  codling  moth  has 
not  been  reported  in  India  but  has  long  been  a  serious  pest  in  Afghanistan,  and  was 
doubtless  introduced  from  there  to’  Baluchistan,  where  it  was  first  reported  in  1935. 
Pruthi  (1938)  was  able  to  report  that  in  different  places,  from  58  to  87%  of  the  fruits 
were  wormy.  Janjua  and  others  (1943/  reported  that  80%  of  the  apples  in  the 
Quetta-Pishih  district  were  infected,  and  60%  at  Fort  Sandeman,  with  pears  and 
quinces  attacked  to  about  the  same  extent.  Because  of  the  pest,  some  orchards  had 
been  cut  down.  Spraying  with  tead  arsenate  is  standard  treatment,  but  complete  con- 
trol  requires  repeated  spraying.  Out  of  15  combinations  tried  in  Baluchistan,  lead 
arsenate  and  fish  oil  proved  best,  reducing  the  infestation  to  about  16%  in  two  varieties. 
A  bait  trap,  with  fermenting  molasses  as  bait,  helps  to  time  the  sprays,  and  the  cost 
of  this  and  five  sprays  was  found  to  be  only  12  annas  per  tree.  As  the  average  yield 
of  a  mature  tree  in  the  Quetta  valley  is  about  200  lbs.,  and  the  price  of  the  fruit  at 

Quetta  about  an  anna  and  a  half  a  pound,  spraying  increases  the  value  of  the  crop 
of  a  tree  from  about  Rs.  3-12-0  to  about  Rs.  15.  1 

The  codli"g  “<•*  found  in  the  North-West  Frontier  Province  in  1937 
and  there  is  danger  that  it  may  spread  to  India.  Care  should  he  taken  to  prevent  this 
or  to  eliminate  the  pest  immediately  if  it  is  introduced 
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The  San  Jose  scale,  Quadras pidiotus,  ( Aspidiotus ,  Aonidiella )  pcrniciosus,  was 
introduced  into  Kashmir  in  about  1910,  where  it  threatened  to  wipe  out  the  fruit 
industry.  It  is  a  very  serious  pest  in  the  Kulu  valley,  and  Kalra  (1946)  estimates  the 
loss  in  Kotgarh,  including  the  cost  of  spraying,  at  about  Rs.  4,000  a  year.  It  has  been 
reported  from  the  hills  all  over  India  (Rao  1948  A,  B)  and  is  said  to  be  serious  in 
South  India.  The  name  is  pronounced  "San  Hose’.  It  is  found  on  many  fruit  and 
other  plants.  Since  1932  the  spraying  of  all  orchards  in  Kashmir  has  been  compul¬ 
sory,  and  about  750,000  trees  were  being  sprayed  annually,  according  to  Fotidar 
(1941).  The  spray  used  contains  diesel  oil,  fish  oil  and  rosin  and  kills  practically  all 
scale  insects  on  the  trees.  This  and  lime-sulphur,  which  has  been  used  effectively  in 
other  countries,  are  recommended  in  the  Punjab  (Anon.).  It  is  important  that  efforts 
be  made  to  prevent  the  spread  of  the  scale  particularly  on  nursery  stock.  Another 
scale  insect,  Icerya  purchasi ,  is  said  by  Naik  (1949)  to  attack  the  apple  and  other 
trees  in  South  India,  while  Rao  (1948)  mentions  four  others. 

A  thorough  report  on  this  important  pest  is  given  by  Pruthi  and  Rao  (1951), 
who  state  that  it  has  been  found  in  practically  all  parts  of  India  where  temperate 
fruits  are  grown.  They  list  many  of  the  nearly  200  species  of  host  plants,  and  de¬ 
scribe  the  life  history  of  the  scale.  They  also  give  detailed  reports  of  many  methods 
which  have  been  and  are  being  used  to  control  it. 


The  woolly  aphis,  Eripsoma  lanigerum,  is  another  introduced  pest.  The  first 
mention  of  it  in  India  was  in  1889  at  Coonoor,  according  to  Lai  and  Singh  (1947).  It 
was  observed  in  Kumaun  and  in  the  Simla  hills  about  1909  but  may  have  been  present 
for  a  long  time.  It  apparently  occurs  wherever  apples  are  grown  in  India.  In  Kashmir 
sexual-forms  occur  as  they  do  in  other  countries,  where  the  elm  is  frequently  an  alterna¬ 
tive  host  but  in  Kumaun  and  the  Punjab  it  occurs  only  on  the  apple  and  is  viviparous, 
parthenogenic,  and  multibrooded.  It  is  active  from  March  to  the  middle  of  December, 
especially  in  May  and  June  and  at  the  end  of  the  season.  Winged  aphids  appear  in  July 
and  August  and  accellerate  the  spread  of  the  pest,  but  migration  also  takes  place 
practically  throughout  the  season.  The  health  of  the  trees  is  affected,  and  the  fruit 
borne  by  infested  trees  is  of  poor  quality.  It  is  particularly  serious  and  difficult  to 
control  because  it  attacks  the  roots  as  well  as  the  aerial  parts  of  the  plant.  Ra , man 
and  Khan  (1941  A,  B)  recommend  spraying  with  rosin  soap  to  contro  tie  a.n 
forms  and  the  use  of  paradichlorobenzene  in  trenches  four  inches  deep  covered 
LTe’arth  to  kill  those  on  the  roots.  Isaac  and  Renjhen  (1946)  for  the  aerial  forms 
I  etr  pray  ng  in  summer  with  nicotine  sulphate  and  soft  Soap,  and  in  winter  with 
4  lb  of  mahwa  oil,  1  lb.,  5  oz.  of  caustic  soda,  6  lbs.  roam,  4  lbs.  water,  and  1,  lbs. 
of  tobacco  boiled  in  6  lbs.  of  water.  They  also  emphasize  the  importance  of  maki,  „ 
le  that  nursery  stock  is  free  from  the  1- ^e  Planting  ^  ^  “ 
(ration  of  the  roots  with  paradichlorobenzene,  but  R.  IN.  5incti  l  ; 
fumigant  which  killed  the  aphids  also  damaged  the  roots. 

.  .  i  r  iViic  npct  is  of  considerable  importance,  but  there 

rnt<fe“ 


THE  TEMPERATE  FRUITS 


385 


in  1937,  and  is  well  established  there  and  in  the  Simla  hills.  It  seems  to  provide 
fairly  effective  control  in  those  places.  In  Kumaun,  however,  R.  N.  Singh  (1942) 
states  that  it  cannot  establish  itself  in  nature  because  the  lady-bird  beetle,  Coccinella 
septempunctata,  keeps  the  aphis  under  control  for  the  greater  part  of  the  summer.  He 
suggests  that  it  may  be  possible  to  use  the  parasite  to  some  extent  by  breeding  it  in  a 
cage  in  each  orchard.  Kao  (1945  B)  states  that  in  the  Nilgiris  also  this  parasite  does 
not  seem  promising.  Coccinella  septum  punctata  is  one  of  several  lady-bird  beetles 
which  attack  the  woolly  aphis,  but  it  is  the  only  one  of  much  importance.  It  has  been 
largely  effective  at  Chaubattia,  at  least  through  June,  according  to  Lai  and  Singh 
(1945).  There  it  also  feeds  on  aphids  on  two  wild  grasses,  Andriopogon  partusus 
and  A.  assimilis,  but  in  Ramgarh,  where  these  grasses  are  less  common,  it  is  not  so 
successful.  In  order  to  encourage  the  beetles,  it  has  been  suggested  that  these  grasses 
be  planted. 

Resistant  rootstocks  have  long  been  used  in  South  India,  and  constitute  a  prom¬ 
ising  method  of  dealing  with  the  aphids  on  the  roots.  Rao  (1945  B)  reports  that 
several  of  the  rootstocks  used  in  South  India  are  immune  and  others  more  or  less 
resistant.  Several  varieties  are  also  immune,  but  none  of  these  is  of  any  commercial 
importance  thus  far  in  the  main  apple  growing  regions  of  the  country. 


A  pest  of  great  importance  in  Kumaun,  and  a  potential  danger  in  other  fruit¬ 
growing  districts,  is  the  apple  root  borer,  Lophosternus  ( Dorysthenes )  hugelii.  R.  N. 
Singh  (1941)  states  that  in  Almora  and  Naini  Tal  districts  about  40%  of  the  trees  in 
portions  of  every  orchard  are  attacked.  Very  few  of  the  attacked  trees  bear  normal 
crops,  and  many,  especially  of  the  young  trees,  die.  The  borer  is  said  to  be  very 
serious  in  Abbotabad  also,  and  has  been  recorded  from  all  parts  of  the  hills  of  north¬ 
ern  India,  up  to  an  elevation  of  about  7,000  feet,  but  not  as  a  pest.  It  is  found  on  the 
dead  roots  of  oaks  and  occasionally  on  other  wild  plants  and  fruit  trees.  The  adult 
beetles  emerge,  mate  and  lay  eggs  at  the  beginning  of  the  monsoon,  and  the  eggs  hatch 
in  less  than  a  month.  Those  of  the  grubs  which  happen  to  find  roots  nearly  an  inch 
in  diameter  or  larger  feed  on  them  and  sever  the  root.  After  finishing  one  root, 
they  wander  about  and  may  find  another.  After  three  and  a  half  years  they  pupate. 
Although  the  eggs  are  laid  in  the  ground,  they  are  not  destroyed  by  cultivation.  Sharma 
and  Singh  (1940)  state  that  powdered  paradichlorobenzene  applied  three  inches 
below  the  surface  at  the  rate  of  1  oz.  per  linear  foot  kills  young  grubs  within  six  inches. 


Other  insect  pests  are  of  comparatively  minor  importance,  but  may  at  times 
cause  serious  damage.  Thus  Rahman  and  Kalra  (1944)  report  on  a  hairy  caterpillar 
Lymanlna  obfuscata,  which  sometimes  infests  a  fourth  of  the  trees  in  the  Simla  hills’ 
completely  defoliating  many  of  them.  Another  hairy  caterpillar,  Euproctis 

T  ;  1Strep0r'e,|l  b[.Ian)ua  0947)  as  causing  serious  damage  to  the  apple  and 
t  er  fruits  in  Baluchistan,  Kashmir,  and  Murree.  The  May-beetle  or  June-bug 

■  ZT,Tu-u  ^  Va™a  0949  B)  t0  have  defoliated  26  trees  in  one  day 

the  Patiala  hills.  A  stem  borer,  Aprioni  cinerea,  is  said  by  Rahman  (1944)  to  be  a 

sssrr-,  .Isaac  :d  R;nihen  (l94o)  refer  ,o  tha  ^ 

id  ’  r  tree  roller’  Ca*oecea  spreostega,  Sharma  and  Singh  (1940) 
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deal  with  the  tent  caterpillar,  Clisiocampa  indica ,  a  stem  and  shoot  borer,  Zeuzera 
sp.,  and  several  other  minor  pests. 

Of  a  number  of  serious  diseases  of  the  apple,  the  stem-black  disease  seems  to 
be  the  worst  in  India.  It  is  by  far  the  most  destructive  in  Kumaun,  where  it  is  said  by 
Dey  and  Singh  (1939)  to  be  found  in  every  orchard.  Singh  states  that  more  than 
6O9&  of  the  trees  are  affected.  It  is  caused  hy  the  fungus  Coniotheciwn  cho mat- 
os  porum.  The  disease  was  reported  by  Kheswalla  (1936)  as  being  prevalent  through¬ 
out  Baluchistan,  and  causing  great  damage.  He  called  it  the  blister  disease.  It 
occurs  in  the  other  sections  of  northern  India  and  in  other  countries.  The  fungus 
enters  through  pruning  wounds  and,  according  to  Kheswalla,  through  the  lenticels. 
It  extends  down  the  branch,  turning  the  tissue  jet  black,  causing  cankers,  and  even¬ 
tually  killing  the  branch.  Control  depends  on  the  removal  of  the  diseased  branches, 
and  Kheswalla  also  recommends  spraying  twice  in  the  spring  with  lime-sulphur. 
Dey  and  Singh  found  that  painting  pruning  wounds  with  a  paste  containing  two  ounces 
each  of  red  lead  and  copper  carbonate  and  100  c.c.  of  raw  linseed  oil  was  92% 
effective  in  preventing  infection. 


The  disease  second  in  severity  in  Kumaun  is  stem-brown,  caused  by  Botry- 
osphaeria  ribis.  This  also  ordinarily  enters  through  pruning  wounds,  and  can  be 
effectively  controlled  by  protecting  wounds  with  the  same  sort  of  paste,  although 
U.  B.  Singh  (1942)  reports  lanolin  to  be  better  than  linseed  oil  for  the  purpose.  The 
disease  appears  in  April  and  is  most  virulent  by  the  middle  of  May.#  A  type  of  die-back 
is  caused,  with  a  loosening  and  browning  of  the  bark. 


Pink  disease,  caused  by  Pellicularia  ( Corticium )  salmonicolor,  and  collar-rot 
caused  by  species  of  Rosellinia  are  also  serious  in  Kumaun.  Pink  disease  attacks 
many  kinds  of  trees,  especially  in  warm  moist  climates,  and  has  been  mentioned  on . 
oranges  in  Madhya  Pradesh.  According  to  U.  B.  Singh  (1943),  it  causes  considerable 
damage  to  the  apple  and  pear  in  some  Kumaun  orchards,  and  was  once  recorded  on 
the  apricot.  It  is  worst  where  drainage  is  poor  and  the  trees  are  crowded.  Control 
measures  are  very  similar  to  those  recommended  for  stem-black  and  stem-brown,  an 
should  include  the  removal  of  any  wild  trees  in  the  neighbourhood  which  may  be 
infected.  A  leaf-spot  disease  caused  by  Phyllosdcata  pirini  is  .  reported  by  U  B. 
Sin^h  (1944  B),  which  lasts  from  June  until  the  leaves  fall,  being  most  viru  en  in 
August .  It  interferes  with  growth  and  may  cause  premature  leaf-fall,  but  may  be  con¬ 
trolled  by  one  spray  of  2-10-40  Bordeaux  at  the  open  cluster  or  petal-fall  stage, 
winter  all  the  leaves  should  be  collected  and  burned. 

A  brown  rot  caused  by  Sclerotinia  fructigena  causes  heavy  losses ■  o  0 
apples  and  pears  in  the  Punjab,  according  to  Hafiz  (1940).  t  ovar  ^ 

mummies  which  should  be  burned  or  buried,  and  as  dormant  mycc  n.  ^  d 

which  should  be  removed  in  the  summer.  If  necessary,  the  tre  jr  weeksP  JeI. 
with  4-4-50  Bordeaux  at  the  pink  bud  and  calyx  staSes’  “n  of  oidiuBh  pink 

In  South  India,  Naik  (1949)  refers  to  mildew  caused  by  1  h[  ,0  ^ 

disease,  and  a  collar  rot  caused  by  an  unidentified  fungus  -  y 

Sclerotium  roljsiu 
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Powdery  mildew,  caused  by  Podosphoera  leucolncha.  is  reported  >  • 

(1950A)  to  be  common  on  the  apple  and  to  occur  also  on  the  pear  qu, nee,  cherry,  and 
plum  in  the  Murree  Hills.  It  attacks  the  leaves,  stems,  flowers  and  young  frut  s. 
measures  recommended  for  its  control  include  the  pruning  of  mildewed  twigs  in  wmte 
and  spraying  with  lime-sulphur,  iron  sulphite  or  Bordeaux  mixture.  The  disease 

may  exist  also  in  India. 


A  number  of  diseases  of  the  apple  fruit  occur.  The  fungus  Leptothyrium  pomi 
causes  two  types  of  symptom  resulting  in  the  common  names  sooty-blotch  and  fly- 
speck.  In  Kumaun  it  appears  on  light-coloured  late  varieties,  by  the  time  of  har¬ 
vest,  and  develops  during  storage.  The  sooty  material  can  be  easily  removed,  but 
small  black  specks  remain.  Only  the  appearance  of  the  fruit  is  damaged.  U.  B. 
Singh  (1941  A)  reports  effective  control  by  spraying  with  lime-sulphur  or  colloidal 
sulphur,  but  as  the  cost  was  about  12  annas  a  plant  he  considered  this  prohibitive. 
Thinning  the  fruits  was  found  to  reduce  the  incidence  of  the  disease  without  greatly 
decreasing  the  weight  of  the  crop.  Washing  the  fruit  in  a  5%  solution  of  bleaching 
powder  or  a  3%  solution  of  sodium  chlorate  removed  the  blotch  and  prevented  much 
increase  of  specks  during  storage. 


The  most  common  rot  of  apples  all  over  the  world  is  the  soft  rot  or  blue  mould, 
caused  by  Penicillium  expansum.  The  decayed  section  of  thp  fruit  is  soft  with  a  light 
brown  watery  appearance,  and  gives  off  a  characteristic  odour.  The  disease  has 
been  reported  in  Baluchistan  by  Kheswalla  (1936)  and  in  Kumaun  by  U.  B.  Singh 
(1941  B).  As  the  mould  is  very  common,  spores  are  almost  certain  to  get  on  the 
fruit.  They  can  enter  only  through  injuries,  so  it  becomes  very  important  to  handle 
the  fruit  carefully,  and  to  discard  before  packing,  fruit  with  any  injury  to  the  skin. 
Kheswalla  also  mentions  pink  rot,  caused  by  T ricothecium  roseum,  and  a  rot  caused 
by  a  species  of  Alternaria.  Mehta  (1939)  has  reported  on  a  rot  of  green  and  ripe 
fruits  from  Quetta  and  the  Kurram  valley,  caused  by  a  species  of  Rhizopus,  tentatively 
considered  R.  arrhizus.  Bose  and  Mehta  (1951)  report  that  an  attack  of  Phytoph- 
thora  cactorum  caused  many  apples  to  rot  on  the  trees  at  Chaubattia  one  year. 


Other  Fruits 

It  is  estimated  that  in  1941-42  there  were  more  than  6,000  acres  of  pears 
(Anon.,  1950),  of  which  perhaps  3,400  acres  are  now  in  India.  This  includes  more 
than  1,000  acres  each  in  Kashmir  and  the  Punjab,  and  710  acres  in  Madras.  The 
pear  is  very  similar  to  the  apple  in  its  cultural  requirements.  The  tree  is  more  erect 
and  does  not  require  as  much  space  as  the  more  vigorous  apples.  The  fruit  is  borne 
on  spurs,  and  pruning  is  very  similar  to  that  given  the  apple.  Some  of  the  choicest 
varieties  particularly  those  grown  in  France,  are  considered  among  the  most  delicious 
fruits  of  the  world.  The  Bartlett  or  Williams  is  a  variety  of  excellent  commercial 
quality,  and  bears  well  under  a  variety  of  conditions.  It  is  fairly  commonly  grown 
in  n  ,a.  These  European  varieties  are  harvested  white  still  firm,  but  become  mellow 
and  very  pney  when  ripe.  The  Indian  types  vary  a  good  deal  in  quality,  and  none 
compares  well  with  the  best  of  Europe,  but  they  have  the  advantage  of  growing  in  the 
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submontane  areas.  L.  Singh  and  Hamid  (1941)  recommend  the  Kashmiri  nath 
for  these  warmer  regions.  This  has  been  identified  in  Kashmir  as  the  Winter  Nelis 
a  European  variety  generally  preferred  to  the  nashpali  which  never  becomes  mellow,’ 
and  which  is  extensively  grown  in  these  regions. 

Pears  are  the  most  widely  grown  temperate  fruit  in  South  India  and  do  best 
at  elections  of  from  5,500  to  7,000  ieet,  according  to  Naik  (1949).  He  says  that  in 
1942-43  the  estimated  acreage  was  557  of  ‘country’  pears  and  153  of  ‘English’.  The 
former  is  an  introduced  type  which  has  become  semi-wild,  produces  heavy  crops  of 
gritty  fruit,  and  is  largely  used  as  rootstock.  It  is  probably  P.  pyrifolia.  The 
only  promising  commercial  variety  is  the  Kieffer  which  is  a  variety  which  originated 
in  America,  probably  as  a  hybrid  between  the  European  and  Oriental  types.  The 
yield  is  given  as  2.8  tons  per  acre,  much  lower  than  that  of  the  ‘country’  pear,  but  the 
quality  is  much  better,  although  not  as  good  as  that  of  three  varieties  sometimes  found 
in  gardens.  In  Kumaun  a  wild  species,  P.  pashia,  is  commonly  used  as  a  rootstock, 
while  in  Shillong,  according  to  Woodford  (1948),  P.  khasiana  has  long  been  used, 
and  it  and  P.  baccata  are  both  successful. 

Some  of  the  insect  pests  and  diseases  which  attack  the  apple  are  also  found 
on  the  pear.  There  was  a  severe  outbreak  of  a  fruit  fly,  Chaetodacus  jerrugineus,  in 
the  Punjab  hills  in  1945,  according  to  Varma  (1946,  1949  B).  In  some  orchards  all 
of  the  pears  and  peaches  were  damaged,  with  less  injury  to  grapes  and  apricots,  and 
very  little  to  apples.  Sharma  and  Singh  (1940)  mention  some  damage  from  the 
pear  leaf  tortrix,  Acrolita  rcievana,  which  can  be  controlled,  if  necessary,  by  spraying 
with  lead  arsenate.  In  the  Kumaun  the  most  serious  diseases  are  stem  blister,  caused 
by  Haplosporella  mali;  stem  canker,  caused  by  Molochaetia  mali ;  and  fire  blight, 
caused  by  Bacillus  amylovorus.  The  last  is  a  very  destructive  disease  in  the  United 
States  and  is  responsible  for  the  growing  of  hybrids  with  the  sand  pear  which  are  more 
resistant  than  the  common  pear.  Prasad  (1938)  has  reported  a  severe  rotting  of 
pears  in  the  Delhi  market  caused  by  a  wound  parasite  closely  resembling  Aspergillus 
japonicus. 

The  pear  does  not  stand  shipping  and  storage  at  relatively  high  temperatuies 
as  well  as  does  the  apple,  and  as  it  ripens  at  a  time  when  the  weather  on  the  plains 
is  hot,  marketing  is  a  problem.  L.  Singh  and  Hamid  (1941)  suggest  that  Bartlett 
pears  be  harvested  when  they  show  a  resistance  of  16  to  lo  lbs.  on  a  special  pressure 
gauge,  at  which  stage  the  skin  is  light  green  with  a  yellow  tinge  and  the  lenticels  have 
turned  brown.  A  little  later  L.  Singh  and  Lai  (1944)  found  it  best  to  pick  this  variety 
at  13  or  14  lbs.  pressure.  These  may  be  stored  20  to  25  days  at  40° F.,  or  4  or  5  months 
at  32°,  but  some  break-down  occurs. 

The  quince  is  a  fruit  grown  only  to  a  slight  extent  in  any  part  of  the  world, 
and  not  grown  commercially  in  India,  except  in  Kashmir,  where  there  are  about  90 
acres  It  is  grown  primarily  because  of  the  supposed  medicinal  value  of  the  seeds. 
The  fruit  is  not  palatable  raw,  but  makes  excellent  jelly  and  preserves.  Few  people 
in  India  know  how  to  use  it,  so  there  is  almost  no  market  for  the  fruit.  The  trees  are 

small,  and  may  be  planted  15  feet  apart. 
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Many  varieties  of  plums  are  grown  in  the  world,  some  1,500  vanet.es  of  P. 
domestica  being  listed  as  grown  in  the  state  of  New  York  alone  Some  of  these,  an 
of  the  other  species,  are  very  fine  fruits.  The  plum  is  not  of  great  importance  m 
northern  India,  however,  although  there  may  be  about  500  acres  of  them  there.  The 
varieties  grown,  mainly  in  the  submontane  tracts,  are  mostly  small  and  of  rather  poor 
Quality  There  seems  to  be  about  150  or  200  acres  in  South  India,  mainly  at  elevations 
between  4,500  and  5,500  feet  in  the  Nilgiris.  Naik  ( 1949)  mentions  10  good  varieties, 
all  of  the  species  Primus  salicina,  with  the  possible  exception  of  the  Alu  Bokhara. 
Attempts  to  grow  plums  in  the  warmer  districts  have  failed.  Twelve  varieties  were 
planted  at  the  Government  Gardens,  Agra,  without  success.  They  may  be  grown  from 
cuttings  or  budded  or  grafted.  In  South  India  shield  budding  on  peach  or  plum  root¬ 
stocks  is  common.  In  some  countries  the  myrobalan  plum,  P.  cerasifera,  has  been 
found  to  be  the  most  suitable  rootstock.  It  is  said  that  the  plums  do  better  in  the 


submontane  tracts  if  planted  close  together,  for  protection  against  the  wind,  and 
Burns  (1939)  recommends  planting  them  16  to  18  feet  apart.  Naik  recommends 
spacing  of  from  12  to  20  feet,  according  to  the  vigour  of  the  variety.  Plentiful  irriga¬ 
tion  is  necessary  in  the  submontane  areas.  Fruit  is  borne  on  small  spurs  and  on 
branches,  both  of  the  previous  season’s  growth.  Little  pruaing  is  necessary  except 
as  some  may  be  needed  to  keep  the  trees  growing  vigorously.  In  the  Nilgiris  con¬ 
siderable  pruning  is  done,  and  the  open-centre  tree  is  preferred.  Many  varieties  are 
self-sterile,  and  as  inter-sterility  is  also  common,  much  care  is  necessary  in  choosing 
varieties,  and  the  keeping  of  bees  in  the  orchard  is  frequently  a  very  valuable  practice. 
In  the  case  of  one  prolific  variety,  the  Rubio,  in  the  Nilgiris,  thinning  to  leave  an  inch 
or  two  between  fruits  increased  the  size  from  50  to  76%.  A  fruit  fly,  Dacus  incisus, 
and  the  San  Jose  scale  are  mentioned  by  Naik  as  pests  of  the  plum.  Lai  (1950)  states 
that  in  Uttar  Pradesh  also  plums  are  sometimes  attacked  severely  by  an  unidentified 
fruit  fly.  The  ripe  fruit  is  very  perishable,  and  must  be  marketed  promptly. 

Plums  are  used  in  making  excellent  jam  and  other  products.  Siddappa  and 
others  (1950)  found  several  varieties  of  plums  and  of  peaches  grown  in  Baluchistan 
suitable  for  canning. 


The  apricots  also  do  not  enjoy  a  position  of  much  importance  in  this  country 
except  in  Kashmir,  which  grows  more  than  1,000  acres.  They  are  commonly  grown 
in  Baluchistan,  where  they  were  introduced  prehistorically  from  Iran,  according  to 
Mustafa  and  Ginai  (1944).  Varieties  include  some  with  white  flesh,  considered  a 
botanical  variety  for  which  these  authors  suggest  the  name  alba,  not  much  known 
except  there  and  in- neighbouring  countries,  and  some  which  have  recently  been  intro- 
duced  from  Europe  and  America.  Trees  of  an  inferior  sort  are  found  growing  semi- 
wdd  near  many  Himalayan  villages,  but  seem  to  be  valued  mainly  for  the  seeds  the 
kernels  of  which  are  eaten  like  almonds  and  are  crushed  for  bil.  The  seeds  of  Jome 
types  contam  hydrocyanic  acid  and  are  inedible,  hut  these  also  yield  oil  and  a  cake 
which  -  burned  but  according  to  Das  (1945)  could  better  be  used  as  manure  as^t 
contains  6.7%  nitrogen,  1.49%  phosphate  (P2  Os)  and  1 .09%  potash  Tk  Of  H 
states  that  the  kernel  is  about  20%  of  the  pit,  and  yields  40  to  45%  oil  w  hich  is  used  a - 
ue  and  in  cooking,  in  toilet  creams,  and  in  ‘certain  pharmaceutical  preparations” 
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Small  quantities  of  imported  varieties  are  grown  in  Kashmir  and  other  hill  stations, 
for  the  local  trade.  The  apricot  has  not  succeeded  in  South  India.  Self-sterility  is 
not  nearly  as  common  as  with  most  species  of  Prunus,  according  to  Schultz  (1948). 
The  fre^li  fiuit  does  not  keep  well,  and  in  countries  where  the  apricot  is  grown  on  a 
large  scale,  much  of  the  crop  is  dried  or  canned  or  made  into  jam.  The  tree  is  more 
spreading  than  the  plum,  and  at  least  20  feet  should  be  allowed  between  plants. 
Pruning  similar  to  that  given  the  plum  is  considered  satisfactory. 


Of  the  temperate  fruits,  the  peach  will  probably  succeed  in  the  warmest  climate; 
and  it  is  grown  to  a  limited  extent  on  the  plains  as  well  as  in  the  submontane  areas 
and  in  the  hills.  The  climate  of  the  upland  valleys  of  Baluchistan,  according  to 
Ginai  and  Mustafa  (1943),  is  very  congenial  except  that  spring  frosts  may  cause 
damage.  The  temperature  may  fall  below  zero  in  winter,  and  approach  100°F.  in 
summer.  Rainfall  of  8  to  12  inches  occurs  mainly  in  the  winter.  The  peach  has  been 
grown  in  this  region  from  time  immemorial,  the  first  varieties  being  clingstones  of 
inferior  quality  of  Persian  origin.  It  is  said  (Anon.,  1950)  that  there  are  about 
1,500  acres  of  peaches  near  Amritsar  in  the  Punjab.  In  Uttar  Pradesh  the  peach  is 
probably  second  to  the  apple  in  acreage,  but  a  very  poor  second.  Under  such  climatic 
conditions  as  those  of  Allahabad,  the  trees  grow  fairly  well,  and  some  varieties  bear 
well,  but  the  fruit  is  of  poor  quality.  The  flat  or  peen-to  peach  may  prove  more  suc¬ 
cessful  under  such  conditions.  Naik  (1949)  states  that  the  peach  is  grown  from  the 
plains  of  South  India  to  high  elevations,  but  that  it  is  not  grown  commercially  on  the 
plains,  and  thrives  best  between  4,500  and  6,000  feet  above  sea  level.  Even  in  the 
hills  it  is  rarely  grown  in  orchards. 


Peaches  are  generally  propagated  by  budding  on  seedling  peach  rootstock. 
The  fresh  seeds  do  not  germinate  easily,  but  are  generally  sown  in  October  and  ger¬ 
minate  the  following  spring.  They  are  sometimes  kept  in  moist  sand  until  January 
or  February,  and  then  planted  out.  They  are  ready  for  budding  in  April  and  May, 
or  in  September.  Gupta  (1942)  recommends  ring  budding  but  shield  budding  is  also 
satisfactory.  Shetty  (1950)  reports  that  two  varieties  at  Coonoor  did  better  on  peach 
seedlings  20  months  old  than  on  those  either  8  or  32  months  old.  The  trees  are  ready 
to  be  set  out  in  the  winter  when  the  bud  is  a  year  or  a  year  and  a  half  old.  The  distance 
commonly  used  between  trees  is  about  18  feet.  The  trees  are  generally  trained  to  a 
rather  low  head,  and  so  pruned  as  to  allow  plenty  of  light  to  enter  the  tree.  As  the 
fruit  is  borne  on  the  growth  of  the  previous  year,  bearing  trees  have  to  be  pruned  m 
a  different  way  from  that  used  with  the  apple.  If  the  trees  are  left  unpruned  or  the 
branches  are  only  lightly  tipped,  the  bearing  growth  will  soon  be  at  the  end  of  on- 
branches,  with  the  result  that  the  fruit  is  small  and  hard  to  harvest  and  the  tiees  are 
likely  to  break.  Either  all  shoots  of  the  last  year  should  be  cut  back  severely  eac 
year,  or  some  branches  should  be  removed  enliiely. 

The  peach  is  not  a  long-lived  tree,  and  while  under  some  conditions  they  will 
bear  for  20  years  or  more,  under  others  they  die  in  10  or  12  years,  an  mp  a 
indicates  that  in  Uttar  Pradesh  the  commercial  life  is  not  more 
Naik  says  they  are  seldom  remunerative  for  more  t  an  year..  °  & 
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however,  at  the  age  of  two  or  three  years.  Sun-scald  does  considerahie  damag 
the  peach  and  other  drupes  in  parts  of  Kumaun,  according  to  U.  B.  Singh  (1944  ) 

and  may  reduce  the  life  of  the  trees.  Low-headed  trees  are  less  damaged  than  those 
with  high  heads,  and  all  damage  may  be  avoided  by  tying  straw  all  around  the  main 

trunk  of  each  tree. 

Peaches  have  been  classified  into  five  races:  the  Peen-to,  Honey  or  South 
China,  “Spanish,  North  China,  and  Persian.  Of  these  the  first  two  are  more  suited  to 
warmer  climates.  Peaches  are  either  clingstone  or  freestone,  depending  on  whether 
the  flesh  separates  easily  from  the  seed.  Clingstone  varieties  are  suitable  for  canning, 
but  for  use  fresh  freestones  are  preferred.  However,  the  only  commercially  satis¬ 
factory  varieties  in  South  India  are  clingstones.  Shah  and  Azeez  (1949)  found  that 
total  sugar  and  sucrose  increase  during  a  ripening  period  of  9  days  whether  on  the 
tree  or  in  packed  boxes,  while  invert  sugar  also  increases  in  the  packed  fruit  but 
decreases  on  the  tree.  They  conclude  that  it  is  satisfactory  to  pick  fruit  for  consump¬ 
tion  within  six  days  when  it  has  4%  total  sugar,  although  this  seems  like  a  very  low 
figure.  At  Poona  it  was  found  that  one  variety  could  be  kept  for  four  weeks  at  32 
to  35°F. 

A  number  of  insects  and  diseases  attack  the  peach.  Batra  and  Renjhen  (1946) 

say  that  the  shoot  borer,  Spkcnoptcra  lafertci,  was  threatening  the  peach  industry  ill 

the  North-West  Frontier  Province  and  was  also  common  in  Kashmir,  Uttar  Pradesh, 

and  Delhi.  It  feeds  on  other  species  of  Primus  also,  and  on  the  common  conifer,  the 

deodar.  It  kills  branches,  and  sometimes  trees,  especially  young  trees.  They  state 

that  good  drainage  and  manuring  are  important  measures  to  avoid  damage,  and 

suggest  spraying  with  oil  as  an  ovicide  or  with  a  stomach  poison  on  the  leaves  where 

the  beetles  live  before  oviposition.  A  borer  attacks  the  trunk  of  the  tree,  according 

to  Gupta  (1942),  and  may  be  controlled  by  sprinkling  paradichlorobenzene  around 

the  base  of  the  tree  and  piling  up  the  soil  around  it  in  October,  the  vapour  killing  the 

borer.  Another  borer  kills  buds  and  twigs,  and  for  this  he  recommends  spraying  just 

after  the  petals  fall  with  arsenate  of  lead  and  lime-sulphur.  A  bug,  Spilostethus 

pandurus,  which  is  often  found  on  wild  plants  of  a  species  of  Calotropis ,  is  reported 

by  Ahmed  (1945)  to  be  causing  considerable  damage  to  peaches  in  Jhelum  district, 

so  it  should  be  considered  a  potential  pest  in  other  peach-growing  areas.  At  least 

eight  different  scale  insects,  including  the  San  Jose,  have  been  reported  on  the  peach 

in  India.  Sharma  and  Singh  (1940)  mention  a  species  of  Lecanium  and  one  of 

Dmspis,  which  should  be  guarded  against  on  nursery  stock.  Infested  trees  may  be 

sprayed  during  winter  with  lime-sulphur  or  fish-oil  rosin  soap.  Aphids,  including 

Anuraphis  helichrysi ,  sometimes  require  treatment.  At  Chaubattia  the  eradication 

of  an  alternate  host,  goldenrod,  has  been  only  partially  successful.  The  attack  of  fruit 

flies  in  the  Punjab  hills  has  been  mentioned,  and  Naik  mentions  fruit  flies  in  the 
bouth  also. 


Probably  the  most  common  disease  of  the  peach  is  the  leaf  curl,  which  occur 
all  the  way  from  Baluchistan  to  South  India.  It  is  caused  by  the  fungus  Taphrim 
(£”>  deformans.  Hafiz  (1947)  recommends  the  removal  of  the  leaves  beZ 
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the  spores  are  formed  and  spraying  just  before  the  buds  swell  in  the  spring  with  lime- 
sulphur  or  5-5-50  Bordeaux,  preferably  with  the  addition  of  4  lbs.  of  rosin,  2  lbs.  of 
washing  soda,  and  2  gallons  of  water.  Varma  (1949  B)  had  better  success  by  con¬ 
trolling  the  aphids,  mites,  and  scales  which  carry  the  disease,  with  contact  insecticides. 
A  fungous  disease  which  Gupta  (1942)  calls  peach  blight  causes  small  reddish  spots 
on  the  twigs,  which  later  become  cankers  and  kill  the  wood.  The  removal  of  diseased 
twigs  and  spraying  with  Bordeaux  mixture  will  control  the  disease.  Powdery  mildew, 
brown  rot,  rust,  bacterial  gummosis,  crown  gall,  scab,  shot-hole,  and  peach  yellows 
are  also  mentioned  by  Gupta,  but  he  does  not  indicate  the  extent  to  which  they  are 
found.  Naik  also  mentions  rust,  caused  by  a  species  of  Puccirda,  in  South  India. 

The  nectarine  is  a  smooth-skinned  peach,  somewhat  smaller  than  most  peaches, 
and  with  a  richer  flavour.  Nectarines  may  come  from  peach  seeds,  and  peaches  from 
nectarine  seeds,  or  either  may  originate  as  a  bud  mutation  from  the  other.  Nectarines 
are  of  little  commercial  importance. 

The  almond  is  in  some  ways  very  similar  to  the  peach,  but  the  pericarp  which 
is  the  edible  flesh  of  the  peach  is,  in  the  almond,  hard  and  generally  considered  in¬ 
edible.  The  kernel  of  the  seed  is  the  part  commonly  eaten.  Almonds  are  among  the 
principal  crops  of  Kashmir  and  are  grown  also  in  the  upland  valleys  of  Baluchistan. 
The  tree  will  grow  under  a  fairly  wide  range  of  soil  and  climatic  conditions,  but 
tends  to  bear  very  light  crops  unless  conditions  are  just  right.  Most  of  the  trees  in 
Baluchistan,  as  in  Afghanistan,  are  seedlings,  according  to  Mustafa  and  Janjua 
(1942)  who  recommend  budding  on  the  bitter  almond.  This  is  a  type  which  is  too 
bitter  to  be  eaten,  but  is  used  for  the  manufacture  of  essence  and  of  prussic  (hydro¬ 
cyanic)  acid.  Most  varieties  are  se(lf-sterile,  so  it  is  necessary  to  plant  more  than 
one  variety  in  a  place.  The  so-called  paper-shell  varieties  are  most  popular.  Pests 
reported  are  black  and  green  peach  aphids,  controlled  by  rosin-fish  oil  spray;  almond 
scale  controlled  by  lime-sulphur  with  nicotine;  and  three  borers  which  can  be  con¬ 
trolled  only  by  removing  the  infested  branches. 

Cherries  are  grown  on  nearly  500  acres  in  Kashmir,  and  to  a  certain  extent 
in  other  temperate  regions,  there  being  about  45  acres  in  Uttar  Pradesh.  The  sweet 
cherry  is  the  one  grown,  and  it  is  eaten  almost  entirely  as  a  fiesh  fruit.  The  sour 
cherry  is  used  only  in  cooking.  Cherries  should  be  given  about  the  same  distance 
between  trees  as  apples.  The  tree  may  well  be  headed  low  in  ordei  to  decrease  the 
danger  of  sunburn  on  the  trunk.  The  fruit  is  borne  on  small  spurs  on  the  year-old 
wood,  and  also  on  the  shoots.  Very  little  pruning  is  ordinarily  practised  except  what 
is  necessary  to  keep  the  head  fairly  open,  and  to  prevent  the  tree  from  becoming  so 
tall  that  harvesting  is  very  difficult.  In  old  trees  some  renewal  pruning  may  be 
desirable,  to  force  out  bearing  wood  close  to  the  main  branches.  Most  cherries  are 
self-sterile,  and  many  of  the  best  varieties  are  also  inter-sterile.  It  thus  becomes 
necessary  to  plant  a  few  trees  of  poor  varieties  in  order  to  provide  pollination. 

The  brambles  are  very  little  cultivated  in  India,  but  Burns  (1939)  suggests 
using  them  as  hedges,  and  their  cultivation  may  be  increased.  Some  of  them  bear 
fruit  of  excellent  quality,  and  while  it  does  not  keep  well,  it  can  be  made  into  very 
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good  jam.  Wild  fruits  are  plucked  and  used  fresh  or  made  into  jam.  Blackberries 
have  been  introduced  at  Coonoor  and  Bangalore  and  according  to  Naik  (1949)  bear 
as  many  as  352  berries  per  vine,  running  about  90  to  the  pound.  Raspberries  have 
also  been  tried,  but  thus  far  have  not  borne  heavily.  Some  of  the  hybrids  now  grown 
extensively  in  the  United  States  might  prove  desirable  there  and  elsewhere  in  India. 
Propagation  is  by  means  of  suckers,  root  cuttings,  and  rooted  tips  of  canes.  The  plants 
are  set  out  a  few  feet  apart  in  rows.  After  bearing,  old  canes  are  cut  out,  and  in  some 
cases  it  is  desirable  to  thin  out  the  suckers. 

The  prospect  of  increasing  the  cultivation  of  blackberries  and  raspberries  in 
the  hills  of  South  India  is  stressed  by  Rao  and  Rangacharlu  11951),  who  state  that 
both  kinds  do  well  at  elevations  of  5,000  to  7,000  feet.  They  say  that  at  Coonoor  the 
yield  of  raspberries  is  about  3,000  lb.  per  acre,  while  blackberries  produce  6 — 10,000 
lbs. 


The  importance  of  maintaining  the  supply  of  moisture  to  the  plants  by  fre¬ 
quent  irrigation  is  emphasized  by  Randhawa  and  Singh  (1951)  .  They  also  review 
the  literature  on  strawberry  culture  in  this  country. 


The  strawberry  is  a  much  more  important  fruit  than  the  brambles,  and  about 
200  acres  are  grown  commercially  in  and  near  the  hills  of  northern  India,  and  about 
60  acres  at  such  hill  stations  as  Mahabaleshwar  in  Bombay  and  Coonoor  in  the  South. 
Naik  says  that  strawberries  are  grown  above  4,000  feet,  and  particularly  between  5,000 
and  7,000  feet  elevation.  An  edible  wild  species,  Fragaria  nilgherrensis,  of  no  mar¬ 
ket  value,  grows  above  6,000  feet  high  in  the  Nilgiris.  The  extent  of  the  industry  is 
limited  by  climatic  conditions,  and  by  the  local  market,  as  the  fruit  is  very  perishable, 
and  can  be  shipped  only  under  refrigeration.  It  is  possible  to  produce  ripe  berries 
in  the  warmer  districts  of  the  northern  plains,  but  only  with  great  care  and  at  expense 
which  prevents  commercial  success.  Strawberries  are  grown  for  market  in  the  Meerut, 
MuzafTarnagar,  and  Saharanpur  districts  of  Uttar  Pradesh,  and  the  Jullundur 
and  Gurdaspur  districts  of  the  Punjab,  as  well  as  in  the  hills.  Yields,  however,  are 
smaller  than  in  some  other  countries,  and  the  price  comparatively  high.  The  uncer¬ 
tainties  both  in  raising  and  in  marketing  the  crop  discourage  growing  on  a  large  scale. 


Land  for  strawberries  should  be  thoroughly  cultivated  and  manured.  Any 
good  garden  soil  is  satisfactory.  Propagation  is  commonly  by  means  of  runners, 
which  are  shoots  which  come  out  from  the  parent  plant  and  root  at  alternate  nodes! 
I  hey  should  be  taken  only  from  vigorous  healthy  plants  of  the  desired  type  and  it  is 
be81  Jo  restrict  jhe  number  of  runners  to  from  4  to  8.  Naik,  however,  reports  that  a 
small  trial  at  Coonoor  showed  that  ‘splits’  were  preferable  to  runners,  as  a  larger 

f"Ul35SC  °  trTTh  a",d  ,hey  COn™enced  lowering  in  75  days  while  the  runners 
?°  „  .  ,  ‘he  South'  Plantmg  may  be  done  in  March  or  in  July  or  August  In 

Uttar  Pradesh  Swamp  (1933)  recommends  planting  in  October  plants  from  runners 
which  developed  in  the  rainy  reason,  while  in  the  Punjab  fAnon  \  it  •  -j  i 

Sr  -  «■■"> » a.  ,1.1.. Ll  7, ““X 

hdls.  The  plants  are  placed  about  a  foot  apart  in  rows  two  or  three  feet  apa  The 
crop  „  borne  m  the  spring,  and  in  India  it  is  thought  that  the  best  crop  is  produced 
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t  e  first  year.  Thorough  but  shallow  cultivation  is  required,  and  it  is  well  to  remove 
a  runners  until  the  end  of  the  bearing  season.  Naik  says  that  heavy  manuring  is 
necessary  in  order  to  get  a  good  crop,  and  recommends  25  cartloads  of  well-rotted 
cattle  manure  per  acre.  Fairly  frequent  irrigation  is  required  as  the  roots  go  not 
more  than  two  feet  deep.  Swarup  (19o3)  says  that  during  the  bearing  season  the 
plants  should  be  irrigated  every  third  or  fourth  day,  and  as  he  is  writing  about  their 
growth  on  the  plains,  this  may  be  of  value  mainly  in  decreasing  the  temperature.  He 
considers  about  five  years  the  useful  life  of  the  plant,  while  in  the  Punjab  it  is  suggest¬ 
ed  that  plants  two  or  three  years  old  be  ploughed  under,  and  in  the  South  the  plants 
are  generally  removed  after  the  second  crop.  In  the  hotter  areas  it  may  be  neces- 
sary  to  grow  new7  plants  every  year. 

The  importance  of  maintaining  the  supply  of  moisture  to  the  plants  by  frequent 
irrigation  is  emphasized  by  Randhawa  and  Singh  (1951).  They  also  review  the 
literature  on  strawberry  culture  in  this  country. 


The  berries  should  not  be  picked  until  fully  ripe  and  red,  and  as  they  have  no 
protecting  skin,  great  care  is  necessary  to  protect  them  from  birds  and  squirrels.  In 
order  to  avoid  damaging  them  by  handling  more  than  once,  they  are  generally  picked 
directly  into  small  baskets,  holding  not  more  than  a  pound  each,  in  which  they  are 
marketed.  To  keep  the  berries  clean,  straw7  is  sometimes  worked  in  among  the  plants 
in  early  spring.  In  addition  to  being  used  fresh,  the  berries  are  preserved  in  several 
ways.  Strawberry  jam  is  considered  one  of  the  best,  but  because  of  the  relatively 
high  price  of  the  fruit,  is  more  expensive  than  most  jam. 


\ 


Several  species  of  Passijlora  are  grown  for  their  edible  fruits  as 
well  as  for  their  interesting  and  ornamental  flowers.  They  are  placed  in 
the  family  Passifloraceae  which  is  closely  related  to  the  Carieaceae. 
One  species,  P.  edulis ,  is  an  important  crop  in  Australia  and  New  Zea¬ 
land,  and  thrives  and  bears  heavily  in  Coonoor.  At  lower  altitudes  the  vine  grows 
but  produces  no  fruit.  It  is  commonly  called  the  passion  fruit,  but  sometimes  the 
purple  granadilla.  It  needs  a  mild  climate,  as  it  is  injured  by  more  than  a  couple  of 
degrees  of  frost.  It  is  propagated  by  seed  or,  preferably,  by  cuttings,  and  grown  on 
trellises,  fences,  or  pergolas.  The  plants  are  set  out  about  10  feet  apart  in  rows  which 
may  be  15  to  18  feet  apart.  As  it  bears  on  new  wood,  pruning  of  the  lateral  shoots 
may  be  helpful.  Little  irrigation  or  manuring  is  needed  at  Coonoor,  according  to 
Naik.  It  commences  bearing  in  the  second  year  and  reaches  its  maximum  in  t  e 
sixth;  Fruit  is  borne  throughout  the  year,  with  peaks  in  May-June  and  September- 
October.  The  yield  is  about  12  to  15  lbs.  per  vine,  and  as  the  fruit  stan  s  transpor 
well,  the  industry  |nay  be  enlarged  as  a  market  on  the  plains  is  developed. 


Another  fruit  which  is  grown  in  the  Nilgins  and  also  in  the  lulls  * 

the  tree  tomato,  Cyphomandra  betacea.  As  the  common  name  suDges  s,  i  ° 

the  family  Solonaceae.  It  is  a  short,  ornamental  tree  which  is  common  .n  ^den  but 
seldom  found  in  commercial  orchards.  It  is  commonly  propagated  by  e  d 
although  the  use  of  cuttings  is  possible.  In  the  Nilgiris  a  vanety  with  dark pu.  - 
ts  L  preferred  to  the  more  common  type  with  yellow  or  tomato-coloured  fruit. 
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It  begins  to  bear  in  about  two  years  and  from  the  third  year  yields  about  40  lbs.  per 
annum.  It  is  thought  that  the  economic  life  of  a  plant  is  about  10  years.  The  fruit 
is  eaten  raw  or  stewed,  and  is  highly  esteemed  by  many.  . 

The  tree  tomato  thrives  at  elevations  of  3,000  to  7,000  feet  in  South  India  and 
produces  large  crops,  according  to  Khan  and  Krishnaswamy  (1952).  But  the  quality 
of  the  fruits  varies  greatly  and  vegetative  propagation  is  very  desirable.  They  tried 
hard-wood  stem  cuttings  in  each  month  and  failed  completely  only  in  January  and 
February.  The  maximum  rooting,  72%,  was  obtained  in  November. 

The  cape  gooseberry,  Physalis  peruviana,  also  of  the  family  Solonaceae,  is 
commonly  grown  as  an  annual  crop  throughout  the  plains,  but  Naik  says  that  in  South 
India  it  is  rarely  grown  commercially  except  in  Coonoor  where  it  is  treated  as  a  peren¬ 
nial,  being  kept  for  about  four  years.  It  is  commonly  grown  from  seed,  but  as  the 
seedlings  vary  greatly,  and  cuttings  and  layering  are  feasible,  it  may  be  well  to  estab¬ 
lish  clonal  varieties.  Yields  of  more  than  30,000  lbs.  per  acre  are  reported.  It  is 
eaten  fresh  or  made  into  an  excellent  jam. 

Walnuts  occupy  more  land  in  Kashmir  than  any  other  fruit  except  the  apple, 
and  are  found  to  a  smaller  extent  in  other  areas  of  the  Himalayas.  They  have  not  done 
well  in  the  hills  of  South  India.  The  common  walnut,  Juglans  regia,  is  considered 
indigenous  to  the  region  from  Persia  to  Kashmir,  and  the  walnuts  growing  in  the 
region  of  Kashmir  have  been  placed  in  four  species.  Those  cultivated  in  Kashmir 
fall  into  eight  groups  which  seems  to  come  true  from  seed.  Most  of  the  walnuts 
grown  in  this  country  are  seedlings,  and  many  of  them  are  growing  semi-wild,  or 
scattered  in  fields.  Some  very  large  and  majestic  trees  are  growing  along  the  Ganga 
river  not  far  below  its  source.  These  and  some  others  have  thick-shelled  nuts  of  very 
little  value,  but  there  are  many  trees,  especially  in  Kashmir,  which  bear  nuts  of  good 
quality.  In  other  countries  walnuts  are  grafted  or  budded,  and  are  planted  in 
oichards.  Attempts  at  budding  and  grafting  in  Kashmir  have  not  yet  succeeded, 
although  all  other  fruit  trees  are  propagated  in  those  ways.  They  should  be  planted 
at  least  50  feet  apart.  As  the  nuts  are  comparatively  light,  will  keep  for  months  at 
oi dinar)  temperatures,  and  are  not  subject  to  bruising,  they  have  distinct  advantages 
for  those  sections  of  the  hills  where  transportation  to  market  is  a  problem. 

The  walnut  weevil  does  considerable  damage  in  parts  of  the  Himalayas,  includ¬ 
ing  the  Kulu  valley,  according  to  Husain  and  Khan  (1949).  While  the  adults 
attack  various  parts  of  the  tree,  the  principal  damage  is  done  by  the  grubs  which  de¬ 
stroy  the  nuts.  These  authors  suggest  spraying  the  trees  with  6-18-50  Bordeaux 
mixture  as  a  repellent  and  the  destruction  of  all  nuts  which  fall  prematurely  and  of 
infested  ones  at  the  time  of  harvest. 

Aiiother  member  of  the  family  Juglandaceae  is  the  pecan,  Carya  illinoensis 
pecan)  Th,S  ts  a  native  of  the  United  States,  and  requires  more  heat  than  the  walnut. 
It  therefore  seems  promising  for  the  submontane,  and  perhaps  for  the  plains,  regions 
of  tins  country.  Thus  far,  however,  it  has  not  been  grown  with  much  success  here 
Chestnuts  are  grown  to  a  very  limited  extent  in  .he  hills,  and  more  could  be  grown  if 
the  market  justified  this.  There  are  two  common  types,  the  European,  Castanea  saliva 
he  Japanese,  C.  crenata,  of  the  family  Fagaceae.  The  trees  are  lar-e  and 
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Achras  zapota,  349 
Aegle  glutinosa,  189 
marmelos,  18,  189,  369 
‘Agmark’,  79 

Agricultural  Produce  Act,  79 
Agri-Horticultural  Society,  125 
Air  layering,  21 
Akee,  278 
Alcohol,  105 

Almond,  120,  123,  378,  392 
Alternate  bearing.  71 
Anacardiaceae,  133 
Anacardium  occidentale,  133,  359 
Ananas  comosus ,  329 
Animal  pests,  102;  bats.  103;  rats.  103 
Annona  cherimola,  327 
diversifolia,  328 
glabra,  320 
muricata,  327 
reticulata,  326 
squamosa,  320 
Annonaceae,  320 

Anthracnose  on  banana,  239;  on  citrus,  219; 
on  grape,  305;  on  guava,  218;  on  mango. 
158;  on  papaya.  272 

Aonidiella  spp.  on  banana,  238;  on- citrus. 
212;  on  fig,  315;  on  grape,  304;  on 
guava.  257 
Aonla.  119,  120,  121.  123,  364-365; 

ascorbic  acid  in,  365 
Apis  indica,  75 
Apocynaceae,  371 

Apogamic  embryos  and  seedlings,  29 
Apple,  125,  375,  376,  378,  379-387,  alternate 
bearing  in  71;  near  Bangalore,  382; 
bearing  habits,  381;  culture  of,  380; 
diseases: 

Botryosphaeria  ribis,  386;  brown  rot, 
386;  collar-rot,  386;  Coniothecium 
chomatosporum,  386;  fly-speck,  387; 
leaf- spot.  386;  Leptothyrium  pomt. 
387;  Pellicularia  salmonicolor ,  386: 

Penicillium  expansum,  387;  Phyllosticta 
mini,  386:  pink  disease,  386;  Sclero- 
tima  fructigena.  386:  soft  rot,  387; 
sooty-biotch,  387;  stem-black,’  386; 
stem-brown,  386: 

insect  pests:  apnJe  root  borer.  385: 
codling  moth,  383;  I  eery  a  purchasi, 
3o4;  Laspereysia  pomonella,  383;  Loph- 
nsiernus  huaelii,  385;  minor  pests,  385' 
wuadaspidiotus  perniciosus,  384;  San 
Jose  scale.  384:  woolly  aphis.  380,  384: 
Malhng  rootstocks.  379;  oarthenocarpv 

a9i.73:MPropaKation  of-  379:  pruning  of. 
nf  acn/1  re^™*uts  of-  380;  spacing 

varieties, SP38?  °n*  381 1  St°rage  °f'  382  ’ 

66 


Apricot,  120,  123.  375,  376,  377,  378,  389 
Area  under  fruit,  1.  2;  increasing.  3;  see 
individual  fruits 
Artocarpus  altilis,  356 
heterophyllus.  355 
hirsuta.  356 
integrifoha,  355 
lakoocha ,  356 

Ashphal,  285 

Asimina  triloba,  261,  320 

Aspergillus  niger,  159 

Asjndiotus  destructor  on  banana.  238:  on 
guava,  257;  on  mango,  156 
Atalantia  monophylla.  189 
Atemoya,  328 
Averrhoa  bilimbi,  362 
carambola,  361 

Avocado,  374;  dichogamy  in,  74; 
parthenocarpy  in,  71,  74 


Bael,  18.  119,  189.  369 
Baichi,  369 

Banana,  122,  123,  124,  228-246;  acreage,  228 
229;  analysis  of,  243;  breeding,  232: 
Cavendish,  231;  classification,  230; 
climatic  requirements,  233,  culture  of 

233- 238;  diseases:  anthracnose,  239; 
Bacillus  musae,  240;  black-tip,  240; 
Botryodiplodia  sp.,  239,  240;  bunch j 
top,  240;  Cercospora  leaf -spot,  240‘; 
Cercospora  musae,  240;  Fusariuni 
cubense ,  238;  Gloeosporium  musarum 
239;  main  stalk  rot,  239;  Moko  disease 
240;  Mycosphaerella  musicola,  240 
Panama  disease,  238;  pseudo-stem  rot 
239,  240;  Sclerotium  rolfsii,  240;  Siga- 
toka  disease,  240;  stem-end  rot,  239 
virus,  240;  wilt,  238; 

dried,  244;  economics  of  growing,  241' 
fibre,  246;  flour,  245;  food  value,  243,  244 
harvesting  241;  history,  228;  insect  pests: 
Aonidiella  spp.,  238;  Aspidiotus  de- 
2ictol l'  .  Cosmopolites  sordidus 

i6, %  fruit-boring  caterpillar,  238 

2'Sm?”Lb"g’  238;,  Heteromictt 
..  8»  Odoiporus  longicollis,  238 
Penduhnus  fuscesens,  238;  Pentalonic 

240-;  scaIe’  238 :  Scirto 

weevU.  ‘  238;  thrlps'  238; 

!ne821R-nn«t^leaTes’  use  of'  242  i  manu 
mg,  236,  parthenocarpy  in,  73;  plantin 

234,  products,  244;  propagation  or 

pruning  237;  ripening,  243? shaping  2* 

234- r|tQ0lta^e?4t9’  233 1 spacing  of  piant 

0ra^e'  242;  suckers.  237;  time  < 

planting,  235;  varieties,  231;  yield  24 i 
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Baskets,  80 

Batocera  rufomaculata,  154,  357 

Bees,  75 

Ber,  see  jujube 

Biological  control  of  pests,  89 

Bird  pests,  102 

Blackberry,  378,  393 

Blighia  sapida,  278 

Bokhara  plum,  378 

Bombacaceae,  373 

Borers  on  citrus,  214;  on  fig,  315;  on  mango 
154  ’ 

Boxes  for  shipping  fruit,  80 

Brambles,  378,  392 

Breadfruit,  123,  356 

Breeding  of  fruits,  15;  of  mango,  138 

Brick  kilns,  effect  on  mango,  160 

Bromeliaceae,  329 

Buchan ania  latifolia,  133 

Bud  differentiation,  67 

C 

Candied  fruit,  109 
Canning  of  fruit,  106 
Cape  gooseberry,  395 
Caprification,  316 

Carambola,  58,  123,  361-362;  climatic 

requirements,  361;  cropping,  361;  propa¬ 
gation,  361 

Carica  candamarcensis,  261 
monoica,  261 
papaya,  261 
Caricaceae,  261 
Carissa  carandas,  370 
grandiflora,  371 
Carya  illinoensis,  395 

Cashew.  123,  133,  359-361;  apple,  359; 

climatic  requirements,  360;  propagation. 
360;  shell  oil.  361;  yield.  360 

Casiviiroa  edulis,  351 
Castanea  crenata,  395 
sativa,  395 
Cherimoya,  327 
Cherry,  122,  375,  376.  378.  392 
Chestnut,  395 
Chikku,  see  sapodilla 
Chiraunji,  120,  133 
Choice  of  crops,  10 
Choice  of  site.  10 
Chutney.  115 

Citrus  fruits.  121.  127,  166-227:  acreage, 

166,  171,  172;  ada  jamir,  176;  air  layering, 
187;  amilbed,  176;  apogamy,  185,  195; 

attani ,  179:  bigarade  orange,  177:  bitter 
orange,  177:  blood  orange.  184:  bud 
mutations,  173;  budding,  186;  calamondin, 
174;  citrange.  182;  citrangequat,  182; 
citron,  107,  119,  122,  174;  classification, 
172;  climate,  effect  on  quality.  183; 
•climatic  requirements.  182;  cold  storage, 
227;  cropping,  206:  culture,  196;  cuttings. 
188:  diseases:  anthracnose.  219;  bacterial 
root  rot,  223;  Botrytis  cineria, 
222*  canker,  216:  Capnodium 

sp.’  ?22;  ColletQtrichHm  spP-> 


219,  die-back,  223;  Elsinoe  fawcetU 

210,  exanthema,  223;  felt  disease,  223 
foam  disease,  223;  Gloeosporium  spp 

oio!  g^,mos,is’.  220>  2221  Oidium  spi 
*22,  Pellicularia  salmonicolor ,  222 
Phy.ophthora  spp.,  220;  pink  disease 
222;  powdery  mildew,  222;  scab,  218 
Septobasidium  pseudopedicellatum,  223 
sooty  mould,  222;  virus,  186,  189 

withertip,  219;  Xanthomonas  citri,  217 
economics  of  growing,  225;  Eucitrus,  174  i 
aajanmmma.  192;  galgal,  176;  grafting 
granulation,  184,  206;  grapefruit 
1.2,  178;  Guntur  sour  orange,  177;  har 
vesting,  224;  hazara,  174;  hill  lemon  16& 
176;  history,  167;  hybrids,  182;  id  nimbu 
179;  insect  pests: 

Achaea  janata,  215;  Aleurocanthu . 
spp.,  213;  Aleurolobus  spp.,  213;  Anuc 
coronata,  215;  aphids,  213;  borers 
214;  Calpe  spp.,  215;  Chaetodacus  sppj 
216;  Chelidonium  cinctum,  215;  citru; 
flower  moth,  212;  Dacus  spp.,  216;  Dial-, 
eurodes  spp.,  213;  Diaphorina  citri 
213;  Euproctis  fraterna.  211;  fruit  flies 
216;  fruit-sucking  moths,  215:  green 
bug,  214;  Heliothrips  haemorroidalis 
211;  Indarbela  spp.,  214;  lemon  butter 
fly,  210;  lime-tree  borer,  215;  mealy 
bugs,  212;  Monohammus  versteegi,  215) 
Nezarc.  viridula,  214;  Ophidere : 
* aaterna ,  215;  orange  hairstreak.  211; 
orange  leaf  caterpillar,  211;  orange 
leaf  miner,  211;  Othreis  jullonica,  215; 
Papilio  spp.  210;  Phyllocnistis  citrella 

211,  Prays  citri,  212;  Pseudococcut 
spp.,  212;  Psorosticha  zizyphi,  211; 
psylla,  213;  pumpkin  bug,  214;  Rhin- 
chocoris  humeralis,  214;  scale,  212; 
Stromatium  barbatum,  214;  Taraucuf: 
theuphrastus,  211;  thrips,  211;  Toxop- 
tera  aurantii,  213;  trunk  borer,  215; 
white  flies,  213; 


irrigation,  198;  jamburi,  168,  175,  192; 
karna,  179;  kharna  khatta,  179;  khatta 
nimbu  179;  kichili,  172,  177,  192;  kumquat, 
173;  lead  arsenate  treatment.  181;  lemon  i 
168,  175;  lime,  169,  172,  175;  limequat.. 
L82;  loose-skinned  orange,  see  mandarin; 
nandarin,  170,  171,  179;  manuring,  199J 
>04;  marketing,  226;  marmalade,  227;; 
ninor  elements  203.  204;  Nagpur  orange.- 
L80;  neophyosis,  185;  nitrogen  fertiliza¬ 
tion,  199,  202,  204;  nucellar  seedlings. 

L86;  nursery  methods,  194;  nutritional 
sprays,  203;  oranges,  169;  Papeda.  174: 
->arthenocarpy.  73:  phosphorus  fertiliza¬ 
tion,  200,  201,  204;  pollination,  )5. 

jolyembryony,  180,  185,  195;  pomeio  178 
potassium  fertilization.  201,  204;  products., 
527;  propagation,  185;  pruning, 
lummelo,  170,  172,  177;  quality  related  to 
•ootstock,  194;  quick  decline,  190;  R ung- 
)ur  lime.  179;  ringing.  207:  root  pruning,. 
507;  rootstocks,  188-194;  rough  lemon,, 

.68,  175,  188,  192;  Sant^a,  180;  §at§Hv9l 

•  ■  *  .  *  *  /  *  1 
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Citrus  (continued) 

species,  174;  seeds,  194;  setting  of  fruit, 
208;  Seville  orange,  177;  shaduoctc,  1/8, 


son  suing,  178;  soil  requirements,  185, 
sour  orange,  189,  177,  188,  189;  spacing, 
108;  storage,  227;  sweet  lemon,  177;  sweet 
iime,  172,  176;  sweet  orange,  169,  172,  177, 
188;  Tahiti  lime,  175;  tangeio,  182;  tang- 
or,  182;  tillage,  197;  thinning,  208;  tri¬ 
foliate  orange,  173,  188;  tnploid,  175; 
tristeza,  190;  vadlapudi,  172,  177;  vari¬ 
eties,  180;  virus,  186,  189;  yield,  225 


Citrus  assamensis,  176 
aurantifolia,  175 
aurantium,  167,  177 
bergamia,  177 
chrysocarpa,  180 
decumana,  178 
grandis,  178 
ichangensis,  167 
indica,  167,  180 
jambhiri,  175 
Kama,  179 
talipes,  167 
limetta,  176 
limettioides,  176 
Union,  175 
limonia,  175 
macroptera,  167,  193 
maderaspatana,  172,  177 
maxima,  178 
medica,  167,  174 
megaloxycgrpa,  167,  176 
microcarpa,  174 
nobilis,  179 
paradisi,  178 
pennivesiculata,  192 
reticulata,  167,  179,  180 
reticulata,  var.  austera,  179 
rugulosa,  179 
sinensis,  177 
tachibana,  180 


Claustridium  botulinum,.  105,  106 
Climatic  factors,  10,  11 
Colchicine,  16 

Cold  storage,  83;  of  mango,  162 
Colletotnchum  spp.  on  citrus,  219*  on 
97<fva#  253*  on  mango.  158;  on  papaya, 


Compatibility,  27 
Contact  insecticides,  90 
Co-operation,  12 
Co-operative  marketing,  86 
Cordial,  114 
Cost  of  production,  5 
Crab  apple,  379 
Cross-pollination,  18 
Cultivation,  40;  advantages,  41 
Cuscuta  spp.,  102 

?22’  123’  124>  320-326;  ac 
air-layering,  322;  budding,  3 
climatic  requirements,  321;  comoositi 

diseases,  326,  hand  pollination,  3 


harvesting,  325;  history,  320;  insect 
pests,  326;  inarching,  322;  irrigation, 
J23;  layering,  322;  manuring,  323,  mar¬ 
keting,  325;  propagation,  3Z2;  pollina¬ 
tion,  324;  pruning,  324;  soil  require¬ 
ments,  321;  spacing,  323;  yield,  325 


Custard  apples,  320-328 
CVdonia  obionga,  378 
Cyphomandra  betacea 


D 


Date,  123,  125,  127,  285-297;  acreage,  286; 
botany,  288;  bread,  289;  classincation, 
289;  climatic  requirements,  290;  culture, 
292;  diseases:  (Jraphiola  phoenicis,  295; 
palm  leaf  pustule,  295; 

dry,  289;  food  value,  296;  harvesting,  295; 
history,  285;  insect  pests:  Indian  palm 
weevil,  294;  Lesioaerma  testaceurn, 
295;  Oryctes  rhinocerus,  295;  rhinocerus 
beetle,  295;  Rhynchophorus  ferrugi- 
neus,  294;  scale  insects,  295;  in  stored 
dates,  295; 

irrigation,  292;  manuring,  292;  metaxenia, 
75,  293;  offshoots,  291;  parthenocarpy,  73, 
74;  pollen,  viability,  293;  pollination,  293; 
propagation,  291;  protection  of  fruit,  294; 
pruning,  293;  semi-dry,  289;  soft,  289; 
soil  requirements,  290;  spacing,  292; 
stages  of  ripeness,  295;  sugar  from  palms, 
288;  thinning,  294;  tillage,  292;  varieties, 
297 

Dehydration,  116 
Delayed  foliation,  57 
Dewberry,  378 
Diagnosis  of  diseases,  89 
Dichogamy,  74 
Disopyros'kaki,  366 
lotus,  367 
7 nelanoxylon,  366 
iomeniosa ,  366 
virginiana,  367 

Diseases  of  plants,  96 
Disinfectants,  99 
Division,  in  propagation,  19 
Double  working,  28 
Downy  myrtle,  260 
Drosicha  stebbingi.  155 
Drying,  106,  116 
Durio  zebethinus,  373 
Durion,  123,  373 
Dusters,  101 
Dwarfing  of  trees,  18 

E 


OOO 

Economics  of  fruit  growing-  6 
Elephant  apple,  see  wo™  d  apple 
Enobotrya  japonica,  351  P 
Erosion,  376 
Eugenia  uniflora,  260 
ugenias,  parthenocarpy  int  74 
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Euphorbiaceae,  364 
Euphoria  iongana,  278 

F 


Fagaceae,  395 
Falsa,  see  phalsa 
Feijoa,  260 

Feijoa  scllowiana,  260 

Fencing,  13  * 

Feronia  limonia,  18,  189,  369 
iucida,  189 

Fertilizers,  48;  as  foliage  sprays,  54 
Ficus  carica,  310 

glomerata,  105,  119,  120,  310,  312,  317,  319 
palmata,  310,  312,  317 
i  oxburghii,  310 

Fig,  310-320,  377;  acreage,  310,  bearing 
habits,  313;  Blastophaga  psenes,  316,  317; 
budding,  312;  caprification,  316;  caprifig, 
316;  climatic  requirements,  311;  crop¬ 
ping,  313i  culture,  312-315;  cuttings,  311. 
diseases:  Cephalosporium  fici,  31t>;  Cero- 
telium  fici,  315;  Cylindrocladium  scop- 
arium,  315;  rust,  315;  shot-hoie  disease, 
315;  zonate  spot,  315; 
drying  319;  food  value,  319;  grafting,  312; 
hastening  maturity,  317-318;  history,  310; 
hormones  used  to  induce  parthenocarpy, 
317;  hybrids,  318;  induced  parthenocarpy, 
317,  insect  pests:  Aonidiella  orientaus, 
315;  Batocera  rujomaculata,  315;  leaf- 
webbing  caterpillar,  315;  Phycodes 
minor,  315;  scale,  315;  stem  borer,  315; 
manuring,  315;  nematodes,  312,  319;  dei¬ 
fication,  318;  parthenocarpy,  73,  316, 

317;  pollination,  316;  preservation  319; 
propagation,  311;  pruning,  313;  sou  re¬ 
quirements,  311;  spacing,  312,  314;  till¬ 
age,  314;  types,  316;  varieties,  318, 

wasp,  316 
Fillers,  44 

Flacourtia  indica,  369 
inermis,  369 
jangomas,  369 
Flacourtiaceae,  369 
Food  value  of  fruits,  6 
Foliage  sprays,  54 
Fortunella  japonica,  174 
margarita ,  174 
Fragaria  chiloensis,  379 
ovalis,  379 
vesca,  379 
virginiana,  379 

Frost,  54;  cold  waves,  55;  damage,  54,  55, 
73;  protection,  55,  56;  temperature  inver¬ 
sion,  55 

Frozen  preservation,  106.  116:  of  concen¬ 
trated  juice,  117 

Fruit  butter,  109  9c7. 

Fruit  flies  on  citrus,  216;  on  guava,  257, 
on  hill  fruits,  388;  on  jujube.  347.  on 

mango,  154 
Fruit  paste,  109 


Fruit  products,  103-117;  imports,  104 

Fruit-sucking  moths  on  citrus,  215;  on 
guava,  257 

Fruitfulness,  66-75;  effect  of  pruning,  60; 
failure  of  flowering,  67 

Fungicides,  97-99;  Bordeaux  mixture.  97; 
Burgundy  mixture,  98;  lime-sulphur,  99; 
organic,  99;  sulphur,  98;  wettable  sul¬ 
phur,  98 

Fungous  diseases,  96 


G 

Garcinia  cambogia,  373 
indica,  373 
mangostana,  372 
tinctoria,  373 

Gas’  storage,  83 

Giant  mealy  bug  on  mango,  155 
Girdling,  70 
Glaced  fruit,  110 
Glass  containers,  107 

Gloeosporium  spp.  on  banana,  239;  on , 
citrus,  219;  on  grape,  305;  on  papaya,  292J 
Glomerella  cinguLata  on  mango,  158;  on 
bullock’s  heart,  326 


Gootee,  22  .11 

Government  assistance  to  fruit  growing,  4i 
Grading  of  fruit,  79 

Graftage,  19,  22  , 

Grafting,  24-27;  in  ancient  India,  129;  by 
approach,  25;  cleft,  24;  inarching,  25;, 
saddle,  24;  side,  24;  splice,  24;  wedge,  24;, 
whip,  24;  whip-and-tongue,  24 

Grape,  119,  120,  297-309;  acreage,  298;, 

breeding,  307;  canning,  309;  climatic  reH 
quirements,  299;  composition,  309;  cur¬ 
rants,  298;  cuttings,  300;  diseases: 
anthracnose,  305;  Dematophora  necat— 
:ix,  305;  downy  mildew,  305;  Gloeospor¬ 
ium  ampelophagum,  305;  powdery, 
mildew,  304;  Plasmopara  viticola,  305, , 
root  rot,  305;  Uncinula  necator,  304;; 
economics,  308;  girdling,  71,  302;  har¬ 
vesting,  305,  308;  insect  pests:  Adoretus 
spp.,  304;  Aonidiella  spp.,  304;  Aspidiotua 
sp.,  304;  cockchafer  beetle,  304;  fle& 
beetle,  303;  Hippotion  celeno,  304;  leaS 
miner,  304;  leaf  roller,  304;  Phyllocnis- 
tis  toparcha,  304;  Phylloxera  vasta</nx 
303;  Rhipithorothrips  cruentatus,  304, 
scale  304;  Scelodonta  strigicollis,  303,. 
sphinx,  304;  Stenias  grisator,  304;  Sy- 
lepta  lunalis,  304;  termites,  304;  thrips 
304;  vine-girdling  beetle,  304; 
irrigation,  302;  manuring,  303;  mue,  304^ 

packing,  309;  Paratetranychus  pumcae 

304;  parthenocarpy,  73;  production,  298 
propagation,  300;  pruning,  300;  raisins,' 
298,  309;  root  pruning,  302;  soil  require 
metis,  299;  tillage  302;  training  methods 
head,  301;  pandal,  301,  trellis,  3ui 
trench,  300; 

varieties,  306;  yield,  307 
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Green  manuring,  43,  51,  52 
Grewia  asiatica,  362 
Growth  substances,  see  hormones 
Guava  122,  124,  246-260;  acreage,  247, 
‘oending’,  252;  Cattley,  259;  climatic  re- 
qmrements,  248;  composition,  255;  crop¬ 
ping,  251,  254;  culture,  251;  diseases, 
anthracnose,  258;  canker,  258;  Cephdl- 
osporium  sp.,  258;  Colletotncninn 
psidii,  258;  Fusarium  sp.,  258;  Pestalo - 
tia  sp.,  258;  wilt,  258 
economics,  254;  insect  pests:  Aomdiella 
spp.,  257;  Aspidiotus  destructor,  257; 
bark-eating  caterpillar,  257;  Dichocro- 
cis  punctijerallis,  257;  fruit  flies,  257; 
fruit-sucking  moths,  257;  Indarbela 
tetraonis,  257;  Pulvinaria  psidii  257; 
scale,  257;  Taragama  siva,  257; 
Irrigation,  252;  jelly,  256;  manuring,  252; 
parthenocarpy  in,  74;  planting,  250;  pro¬ 
ducts,  256;  propagation:  air-layering, 
249;  budding,  250;  inarching,  249;  root 
suckers,  250;  seedlings,  249; 
pruning,  252,  253;  relatives  of,  259;  root 
pruning,  251;  soil  requirements,  248; 
spacing,  250;  strawberry,  259;  varieties. 
247;  yield,  254 
Gulab  jc,man,  260 
Guttiferae,  372 

H 

Hail  damage,  59,  377 

Harvesting,  75-78;  methods,  78;  pre-harvesi 
drop,  76;  time,  76 

Health  of  orchards,  87-103;  diseases,  88,  97; 

sanitation,  88;  spraying,  97 
Hedges,  14 
Hinsalu,  378 

History  and  literature  of  pomology,  117- 
130;  Ain-i-Akbari,  122;  in  China,  118; 
Chinese  pilgrims,  120;  in  Egypt,  118;  Em- 
porer  Baber,  120;  European  visitors,  122: 
of  horticultural  practices,  129;  in  India, 
119;  in  Mediterranian  countries,  117;  in 
Palestine,  118;  Sanskrit  records,  119;  in 
Tigris-Euphrates  valley,  117;  in  tropical 
America,  118;  Yuang  Chwang,  120,  129 
Hog  plum,  133 

Hormones,  effect  on  cuttings,  20,  21;  on 
mango,  140;  to  induce  parthenocarpy  in 
fig,  317 

Humidity  in  storage,  83 
Hybridization,  16 


llama,  328 
Inarching,  25 

Indarbela  spp.  on  citrus,  214;  on  guava. 

257;  on  litchi,  282;  on  mango,  157 
Influence  of  rootstock  and  scion,  27 
Insecticides,  90-96;  BHC,  95;  contact,  90; 
cube,  94;  DDT,  95;  dichloro-diphenyl-tri- 
chloroethane,  95;  fumigants,  90;  gam- 


mexane,  95;  hellebore, 

91-  lead  chromate,  91;  lime-sulpnur,  a  , 
lindane,  96;  mineral  oils,  94;  nicotine,  93, 
oils,  94;  parathion,  96;  Pans  green,  9  , 
nvrethrum,  93;  rotonone,  93,  soap,  y*> 
sodium  fluosilicate,  92;  stomach  poisons, 
90,  91;  sulphur,  94;  systemic  96,  r£h  P, 
96;  Thevetia  nereifolia,  93;  tobacco, 
yellow  oleander,  93 

Intercropping,  44 

Inter-sterility,  74  .  ,  . 

Irrigation,  12,  13,  45;  amount,  47;  in  basins, 
47;  in  furrows,  46 


Jackfruit,  119,  120,  121,  122,  124,  355-359; 
culture,  357;  diseases:  Rhizopus  artocarpi, 
358;  soft  rot,  358; 

insect  pests,  Batocera  rufomaculata,  357; 

Perina  nuda,  357; 
propagation,  356;  types,  358 
Jam,  108 
Jaman,  259 

Jambolan,  58,  119,  121,  123,  259;  insect  pests: 
Carea  subtilis,  259;  Dialeurodcs 
eugoniae,  259 
Jelly,  110 
Juices,  114 

Jujube,  58,  119,  120,  345-349;  Carpomyia 
vesuviana,  347;  classification,  345;  crop¬ 
ping,  348;  economics,  348;  fruit  fly,  347; 
history,  346;  parthenocarpy  in,  73;  prop¬ 
agation,  346;  pruning,  347;  soil  require¬ 
ments,  347 
Juglanaaceae,  395 
Juglans  regia,  395 

K 

Kaki,  see  persimmon 
Kalahinsalu,  378 
Karanda,  14,  119,  370 
Khirni,  119,  350,  351 


Langsat,  374 

Lansium  domesticum.  374 
Laying  out  orchard,  35 
Lauraceae,  374 
Lemon,  US,  122,  123 
Lime,  119 

Limonia  acidissima,  369 
Li^}i’  277_285»  air-layering,  279;  canning, 
284;  climatic  requirements,  278;  culture, 
280;  diseases,  282;  dried,  284;  erinose,  282; 
Enophyes  sp.,  282;  food  value,  284;  har¬ 
vesting,  283;  history,  277;  insect  pests: 
bark-eating  caterpillar,  282;  Indarbela 
tetraonis,  282;  Parlatoria  pseudopyri 
282;  scale,  282;  1 

Bering,  279;  leaf  curl,  282;  manuring 
28?.:  Pollination,  283;  products! 
284,  propagation,  279;  pruning,  281-  soil 

rpe«r??rnt\o?79:  spacinS-  280;  storage 

284,  tillage,  281;  varieties,  284;  yield,  28/ 
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Litchi  chinensis,  278 
philippinensis,  278 
Literature  on  horticulture.  125 
Loganberry,  378 
Longan,  278,  285 

Loquat,  351-355;  climatic  requirements, 
3o2;  cropping,  353;  propagation,  352;  soil 
requirements,  352;  spacing,  353;  thinning, 
353;  varieties,  355 
Lychee,  see  litchi 


M 

Madhuca  spp.,  350 
tviaius  syivescris,  378,  379 
Mango,  08,  119,  120,  122,  123,  124,  131-166; 
acreage,  131;  air-layering,  141;  alternate 
bearing,  71,  149;  breeding,  138;  brick 
kims,  eiiect  on,  160;  bud  differentiation, 
67;  pudding,  144;  canning,  lbo;  ciassifi- 
cation,  133,  139;  climatic  requirements, 
13d;  cold  storage,  162;  composition,  i6o; 
cuttings,  140;  diseases; 
abnormal  inflorescence,  160;  anthrac- 
nose,  158;  Aspergillus  niger,  lo9;  Bac¬ 
terium  carotovorus,  159;  black  rot,  159; 
black-tip,  160;  bunchy  inflorescence, 
160;  Capnodium  mangiferum,  159; 
Coiletotrichum  gloeosporioides,  158; 
Erysiphe  cichoracearum,  159;  fruit  rot, 
159;  Gloeosporium  mangijerae,  158, 
163;  Glomerella  cingulata,  158;  Lasio- 
diplodia  sp.,  159;  Oidium  mangijerae, 
159;  powdery  mildew,  159;  ripe  rot,  159; 
sooty  mould,  159; 

double  working,  144;  drying  of  juice,  164; 
flowers,  134;  flushes,  134;  food  value.  163, 
164,  165;  germination,  141;  growth  habits, 
134;  harvesting,  161;  history,  131;  hor¬ 
mones  in  propagation,  140;  inarching, 
143;  inflorescence,  134;  insect  pests: 
Altica  coerulea,  157;  ants,  158;  Aspidio- 
tus  destructor,  156;  Astycus  lateralis, 
157;  bark-eating  caterpillars,  157; 
Batocera  rujomaculata,  154;  Chaetoda- 
cvs  spp.,  154,  155;  Clumetia  transversa, 
157;  Cricula  trifenestrata,  157;  Cryp- 
tcrhynchus  spp.,  157;  Dacus  dorsalis, 
154;  Drosicha  stebbingi,  155;  Eugnamp- 
tus  sp.,  157;  Euproctis  scintilans,  157; 
flee- beetle,  157;  fruit  flies,  154;  galls, 
157;  giant  mealy  bug,  155;  hoppers, 
152;  Idiocerus  spp.,  152;  Indarbela  spp., 
157;  mango  weevil,  156;  mango  white 
bug  155;  Myllocerous  spp.,  157;  Natada 
velutina,  157;  Oecophylla  smaragdina, 
158;  Orthaga  exvinacea,  157;  Parasa 
lipida,  157;  Procontarinia  matteiana, 
157;  scale,  156;  shoot  borer.  157;  shoot- 
webbers,  157;  Spilostethus  pandurus, 
156;  stem  borer,  154;  termites,  158; 
irrigation,  145;  kernels  as  food  163; 
layering,  140;  manuring,  147;  marketing, 
161'  metaxenia  in,  139;  nomenclature  of, 
124*  packing,  162;  parthenocarpy,  74; 
planting,  146;  pollination,  135;  polyem- 


bryony,  139;  propagation,  139-146;  pro 
ducts,  164,  165;  pruning,  151;  rootsiock 
141;  salt  as  manure  for,  148;  size  of  treo 
134;  smudging,  151;  soil  requirements 
13b;  spacing,  146;  squash,  165;  starci 
from  kernels,  163,  164;  tillage,  147,  150 
varieties,  137;  vitamins,  164;  xema,  139 
yield,  161 

Mangijera  indica  and  other  spp.,  133 
zeylanica,  133,  141 

Mangosteen,  73,  123,  372  tj 

Manila  hemp,  246 
Manilkara  spp.,  350,  351 
Manuring,  37,  48;  fpr  banana,  216;  fo. 
citrus,  199,  204;  farmyard  manure,  511 
experiments,  52;  green,  43;  for  mange 
147;  for  pineapple,  335 
Marcottage,  22 
Market  for  fruit,  4,  5,  12 
Marketing,  83-87;  charges,  86;  city  mar 
kets,  85;  commission  merchants,  85;  co 
operatives,  86;  country  buyer,  85;  pre 
harvest  contractor,  83,  84 
Marmalade,  113 
Meliaceae,  374 
Melicocca  bijuga,  278 
Metaxenia,  75;  in  date,  293;  in  mango,  13 
Minor  elements,  50,  54;  for  citrus,  203,  205 
Minor  subtropical  fruits,  341-374 
Modified  atmosphere  in  storage,  83 
Mohwa,  350 
Monkey  jack,  119,  356 
M  or  abba,  109 
Morus  alba,  366 
indica,  366 
nigra,  366 
Moulds,  105 
Mound  layering,  21 

Mulberry,  119,  123,  365-366;  parthenocarp  > 
in,  74 

Musa  acuminata,  230 
balbisiana,  230 
basjoo,  230 
cavendishii,  230 
fehi,  230 
nana,  230 
paradisiaca,  230 
sapientum,  230 
tcxtilis,  230.  246 
Musaceae,  230 
Myrtaceae,  247 

N 


l 


Nashpati,  378 
Natal  plum,  371 
Nectarine,  391 

Need  for  increased  production,  6,  9 


ophyosis,  29 

plielium  lappaceum,  278 
muiabile,  278 
trogen,  52,  53 
itching,  70  ,  ... 

icellor  embryos  and  seedlings  ^ 
itrition  of  trees,  48-54;  determ  linj 
needs,  48;  minor  elements,  50 
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O 

Jlive,  371;  parthenocarpy  in,  73,  74 
ipportunities  in  fruit  growing,  1-9 
)rigin  of  Indian  fruits,  128 
)taheite  gooseberry,  364 
ixalidaceae,  361 


eking  fruit,  80;  containers,  80 
.kistan,  2 
'almaceae,  288 
aniala,  119,  124,  369 
apain,  275 

*apaya,  122,  123,  260-276;  acreage,  261; 
botany,  261;  composition,  274;  cropping, 
269;  culture,  267-271;  diseases:  algal, 
273;  anthracnose,  272;  Ascocayia 
caricae,  272;  Cephaleuros  my  coidea, 
273;  collar  rot,  271;  Colletotrichum  sp., 
272;  foot  rot,  271;  fruit  rot,  272;  Fusa- 
rium  sp.,  272;  Gloeosporium  sp.,  272; 
leaf-spot,  272;  Phyllocsticta  sulata,  272; 
Pythium  aphanidermatum,  271;  Rhi- 
zoctonia  solani,  272;  root  rots,  272; 
stem  rot,  271;  virus,  273; 

economics,  274;  harvesting,  269;  history, 
261;  insect  pests,  271;  life  of  plant,  270; 
manuring,  269;  marketing,  269;  papain, 
275;  parthenocarpy,  73,  74;  pests,  273; 
planting,  268;  pollination,  264;  products, 
274;  propagation,  266;  pruning,  270;  sex 
5™aX3?,ur’  262;  sPacing»  268;  thinning, 
269;  tillage,  269;  time  of  planting,  267; 
varieties,  270;  yield,  273 

apaw,  261,  320 

arasites,  flowering,  101;  of  insects,  89 
arthenocarpy,  73;  in  fig,  316,  317;  in¬ 
duced,  74 

ssiflora  edulis,  394 
ssifloraceae,  394 
ssion  fruit,  394 
asteurization.  106 

each.  120  375,  376,  377,  378,  390-392; 

diseases:  leaf  curl,  391;  Taphrina  actor- 
mans,  391; 

insect  pests:  scale,  391:  shoot  borer,  391  * 
Sphe?coptera  laferti,  391; 

races1^)f0<39iI3y  ^  73  ’  propagation-  390  '• 

S*Ba$J7B'  37,6'  377’  387~388:  diseases: 

388 ;  fire  blight, 
•ibrf,  Haplosporella  mali,  388;  Molo- 

388  ’  stem  blister>  388: 

1  rw/PwStS:  ,Acrolita  raevana,  388; 

m'tortrix!  3S8?g‘neUS-  308;  fruit 
parthenocarpy  in,  #73,  74 
:can,  395 
ictin,  111 

'.rsea  americana,  374 

Ses^S.H6'369'  376:  stringency  in 
?68,  climatic  requirement?,  367;  flower 


types,  367;  parthenocarpy  in,  73;  propa¬ 
gation,  367  oaA. 

Phalsa,  119,  124,  362-364;  diseases,  364. 

insect  pests,  364;  pruning,  363 
Phoenix  dactylijera,  288 
sylvestris,  288 

Phosporus,  52 
Phyllanthus  acidus,  364 
eniblica,  364 
fischeri,  365 
Olea  cuspidata,  372 
europaea,  372 

Phylloxera,  17,  303 
Physalis  peruviana,  395 
Pickles,  115 
Pierardia  sapida,  278 

Pineapple,  122,  123,  124,  328-341;  acreage. 
329;  botany,  329;  canning,  339;  climatic 
requirements,  330;  in  cocoanut  planta- 
tions,  336;  composition,  339;  crowns,  331; 
diseases:  base-rot,  341;  Ceratostomella 
paradoxa,  341;  fruit-rot,  341;  heart-rot. 
341;  ieaf-rot,  341;  Phytophthora  para¬ 
sitica,  341; 

economics,  336;  flowering,  337;  ground 
suckers,  331;  harvesting,  337,  338;  history, 
328;  inducing  flowering,  337;  insect  pests. 
340;  iron  deficiency,  331;  irrigation,  336, 
manuring,  335;  mulching,  334;  partheno- 
carpy  in,  73;  planting,  333;  planting  sys¬ 
tems,  332,  336;  propagation,  331;  pruning, 
337;  ratoon  crops,  332;  slips,  331,  334;  soil 
requirements,  330;  spacing,  333;  stumps, 
332;  suckers,  331,  334;  tillage,  334;  time 
of  flowering,  337;  varieties,  340;  yield,  338 
Pistacia  vera,  133 
Pistachio,  133 

Planning  the  orchard,  10-15 
Plant  analysis,  48 
Plant  breeding,  16 

Plant  hormones,  danger  in  use  of  77 
effect  on  size  of  fruit,  77;  naphthalene 
acetic  acid,  77;  for  preventing  pre-har- 

nhSlf?r°P’  2’  4_D-  77;  2*  4-dichlorn- 

phenoxyacetic  acid,  77;  2,  4,  5-trichloro- 
phenoxypropionic  acid,  77 

Plantfiig*  ™V2(y2^  See  also  bana™ 

P  finn  ?°~39'  digging  hole,  36;  irriga- 

contourlm|v°fH  9;  layTout’  35 '•  Plans: 

cSx  Lthfag,onali  32>  35 ; 
triangular,  32;  S  *  31;  Square’  33 : 
season,  30;  spacing,  34 
Planting  board,  35.  38 
Plastic  wraps  for  layering  22 

Poh?natfon,373’  cro^' 74-  Yn’c^t 

inVdhil^  ** 

264  ’  ’  n  manS°.  135;  in  papaya, 

P°inem^y0ny,'.29:  ln  citrus,  180  185  195- 
PoteT’w391  10  372  I95' 
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pomegranate,  119,  342-345;  composition. 

344;  diseases,  344;  insect  pests;  butterfly, 
343;  Virochola  isocrates,  343 
Poncirus  trifoliata,  173 
Potassium,  52 

Powdery  mildew  on  citrus,  222;  on  grape 
304;  on  mango,  159  ' 

Predators,  89 
Pre-harvest  drop,  77 
Preliminary  operations,  13 
Preservation,  104;  as  cottage  industry,  104- 
causes  of  spoilage  in,  105 
Preservatives,  106;  antiseptics,  106;  benzoic 
a.cid,  1C6;  salt,  106;  sugar,  106;  sulphur¬ 
ous  acid,  106 
Processing,  108 
Propaganda,  6 

Propagation,  15-30;  aerial  layering  22-  air 
layering,  22;  budding,  22-24;  chemical 
treatment,  20;  Chinese  layering,  22;  divi¬ 
sion,  19;  double  working,  28;  gootee,  22; 
graftage,  19,  22;  grafting,  24;  hormones 
in,  20,  24;  marcottage,  22;  mound  layer¬ 
ing,  21;  plastic  wraps,  22;  pot  layering, 
22;  rootage,  19;  stem  cuttings,  19;  trench 
layering,  21 

Priming,  38,  59-66;  dwarfing  effect.  60; 
effect  on  fruitfulness,  60;  framework,  62; 
harmfulness,  61;  heading,  61;  invigourat- 
ing  effect,  60;  large  branches,  65;  mature 
trees,  63;  objects  of,  59;  renewal  pruning, 
64;  root  pruning,  68;  tools,  64;  training 
young  trees,  61;  types  of  framework,  62; 
wounds.  65 

Primus  aniygdalus,  378 
crmcniaca,  378 
avium',  378 
cerasus,  378 
domestica .  378,  389 
persica,  378 
salicina,  378,  389 
Psidium  cattleianum,  259 
guajava,  247 
Pummelo,  124 
Punicaceae,  342 
Punica  granatum,  342 
Pyrvs  baccata.  380,  388 
communis,  378 
khasiana.  388 
malus,  378 
pashia,  388 
pyri folia,  378 


Q 

Quince,  122,  375,  378,  388 

R 

Rambutan,  1?<3,  278 
Ro.mvhal,  326 
Raspberry,  377.  378,  393 
Rbpmnaceae,  345 
Rhodomyrfus  tomentosa,  260 
Ringing,  70 


Root  pruning,  68;  harmfulness.  70;  th« 
69 

Rootage,  19 

Rootstock,  influence  on  scion  27-  nro 
tion,  27  ' 

Rosaceae,  351,  377 
Rose  apple,  260 
Rubus  allegheniensis,  378 
ellipticus,  378 
llagellaris,  378 
idaeus,  378 
j  loganobaccus,  378 
occidentals,  378 
Rutaceae,  173,  369 

S 

‘Sanitary’  cans,  107 
Sapindaceae,  277 

Sapodilla,  349-351;  climatic  requireme 
349;  culture,  350;  diseases,  351;  ini 
pests:  Nephopteryx  eugraphella,  : 

Pulvinaria  psidii,  351;  scale,  351; 
propagation,  350;  spacing,  349 

Sapota,  see  sapodilla 
Sapotaceae,  349 

Scale  on  apple,  384;  on  banana,  238; 
citrus,  212;  on  date,  295;  on  fig,  315; 
guava,  257;  on  litchi,  282;  on  mango,  : 
on  sapodilla,  351 

Seedlessness,  73,  74 
Seedling  trees,  15;  advantages  of.  18 
Sexual  propagation,  15 
Sharifa,  see  custard  apple 
Sideroxylon  tomentosum,  351 
Sitaphal,  see  custard  apple 
Size  of  orchards,  2 
Sod  in  orchards.  39 
Soil  management,  39-54;  clean  culture, 
cover  crop,  43;  cultivation,  40;  gr 
manure,  43;  intercropping,  44;  irrigat 
45-48;  manuring,  48-54;  non-cultivat 
42;  tillage,  40 

Soil  mulch,  41 
Soils,  12 
Solonaceae,  394 
Sorting  of  fruit,  79 
Sour  orange,  119 
Soursop,  327 
Spacing  of  trees,  34 
Spondias  mangifera,  133 
Spraying  equipment,  100-101 
Squash,  fruit,  114 
Star  gooseberry,  364 
Statistics  regarding  fruit.  1 
Status  of  fruit  growing,  2 
Stem  cuttings,  19 
Sterilization.  106,  108 
Stomach  poisons,  90,  91 
Strawberry,  123,  377.  379.  393 
Sugar  apple,  see  custard  apple 
Sunburn,  39.  57 
Sweet  orange,  119.  122,  123 
Sweetsop,  see  custard  apple 
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yrup,  114 

yzygium  cuminii ,  259 
jambos,  260 

T 

’emperate  fruits,  375-395;  in  Baluchistan, 
377;  neai  Bangalore,  377,  382;  in  Kash¬ 
mir,  375;  in  Kulu  valley,  375;  in  Kumaun, 
376;  in  Madhya  Pradesh,  377;  in  the  Nil- 
giris,  377,  near  Peshawar,  377;  problems 
in  growing,  376;  in  Simla  Hills,  376 

'emperatures  in  storage,  83 

1 endu ,  36G 

’erracing,  376 

’hinning,  72 

.’horniness,  18 

.’iliaceae,  362 

’in  cans,  107 
'ools,  64 

’op-working,  18,  25 
’raining  young  trees,  61 
’ransplanting,  37 

ransportation  of  fruit,  6,  81,  376;  cold 
storage  vans,  82;  by  lorry,  82;  pilfering 
during,  82 

'ree  tomato,  394 
'rench  layering,  21 


V 

Variety,  17 

Vegetative  reproduction,  15;  value  of,  16 
Vinegar,  115 
Virus  diseases,  30 
Vitaceae,  298 
Vitis  barbata,  298 
labruscu,  298 
parvi flora,  298 
rotundijolia,  293 
rugosa,  298 
rumcisperma,  298 
vinifera,  298 

W 

Walnut,  120,  123,  375,  376,  395 
Weather,  54;  frost,  54;  heat,  57;  wind,  58; 

winter  killing,  54 
White  sapote,  351 
Windbreaks,  14,  58 
Wind  damage,  58 
Wood  apple,  18,  119,  120,  369 
Wrapping  of  fruit,  31 

Y 

Yeasts,  105 

z 

Zizyphus  nijaba,  345 
mauritiana ,  345 
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Fruit  growing  in. 
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